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1 liEEfLT regret the necessity of making a correction of many pages 
of this hook. The person there Sipoken of as ‘ the present Mr. Dent ’ 
^ is present no lono-er, onf the a5th o^ April. His name was 

' formei-ly Frederick Rippon, and he changed it by <lcsirc of his relative, 
Mr. E. J. Dt'iit, on succeeding lo the i»rincipal part of his business in 
i 8®-3. His reserved habits prevented his great skill and scientific 
acquiTemenls from being as well known .as they deserved. They were 
by no means confined to his own art. 1 scarcely ever .asked him a 
sciontiSc question on which ho could not either give me information at 
once,^or tfil^u.^; wdiere lo find it. It will naturally be expected that 
I should say wdio succeeds him in the business of those now celebrated 
shops at fit Strand, and 34 Royal Exchange. But 1 cannot do so 
yoL; ii^asmuck as the will wlilcli he hacl made (aftei' his wife’s death) 
leaving ^is pronertj" to varions ^riends and connexions for whom he 
w'as known to have ^ great regard, and making provision for carrying 
«n the business, w’as^found to have been hup I shortly before his dcatli, 
and not tfy his own hand, under cireumstimces so susi>icious, tljjat it 
would be the ob\'ious duty of the executor wdiom h(i had .'i])j)t)inted to 
have them rigidly investigated, even if he had no interest in it; and 
they seem likely to form tlio subject of a very remarkable ‘will eau.se.’ 
It will soon bo known that I am that executor, as I had been rtifore, 
jointly w'^^th him, to the Ikst Mr. Dent. My aeij[uaiutancc with ^<^01 
was at first- only horological, but gi’ew int.i great intimacy and esteem 
for them bath. ‘ 

« 

33, QqEBN AnXB ITREET ; 

July, i860. 


E. B. D. 



ON THE‘-MEAStiEE^*OF.-TIME-: 


• • 

INTRODUCTION. 

. . ' 

In^stead of writing a preface afterwards, I will say the 
little I have to say by way of introduction here?* 

When this book first came out in ^1850 the^ was 
nothing of the kind iu existence; and so%w was thfi 
state of horological literature in Engbind, that Reid's 
old treatise on clockvPork, a meTre clockmaker's 1)ook of 
the last century, a great part, of which had become* 
obsolete, was republished, I think, without any altena- 
tion, about the same time. The want of such a book 
this has been amply proved W the sale of^nearly. 
7^00 copies of the fir^t edition, beshles smalle];liumbers 
of two subsequent ones, which came td be publi^e^by a 
different publisher, tfius; In 1854, Messrs. BlacJ: of 
Edinburgh, the publisfiers of the new (€th) edition of the 
Encyclopedia Britarmica, astgJ Mr. Dent ^ to revise the 

* It will save trouble to explaia at gnee that, f henevef I paexMioa Mr. 
•enl^ I mean either the late Mr. E. J. Dent, who tied in after 

raising himself from the position of a taHowchandler’s appreniace to that 
of the first horologist in the t^orld, or else^he pres&t Mr. J^redetidc Dent, 
a gentleman of equal scientific knowledge, who succeeded him in hie cloch^ 
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old <2^icle on clockmaking for tken/, wliicli had been 
‘ prigihaliy written; by that same JSfr. Reid, a celebrated 
*clocbmaker (in Edinburgh, rtnd^isras the foundation of 
bis book. Ily replied that the article in the last edition 
was quite behind the scieiicc of the age, and ought to be 
entirely rewritten ; a^d the^ resu),t wa,s, that I wrote a 
‘^ew pnewhVQ]i was^aiso published from the same type 

t* 

in a small voluipe in 1855. If was in fact an abridged 
' edeiiion of the original Rudimentary Treatise^ with the 
* addition of such new matter as had arisen in that period 
of five years since the first edition, which included the 
Greaf Exhibition of 1851. 

Ilf r9^*7 McTssrs. Black publidibed a new and enlarged 
edition of that book, under the title of Clocks and 
Locks, because it contained also the article on locks 
which'^ hac| jv’ri,^ten in the mean time for the Encyclo- 
p^isdia, with the j^ccount of the Westminster clock, 
carried up to the end of 1856. Therefore, although no 
2nd or 3rd editions have ever appeared in Mr. Wcale^s 
scries under the name of a Rudimentary Treatise 
ojt Clocks, this is in reality the 4th edition that has 
been issued within ten ^years. From the large number 
'which k: is intended te» print now, it is not likely thatta 
5th will be required for a good while, and therefore I 
shall do-all I can to make this as complete as possible 
for the thing which it professes to be. 

« First, I mean to rc-write the bhok entirelv. In the 
. course bt ten years, any book on piactical science must 

yfitetory, iWhere the Westminster clock was made, and in his shops in thi, 
Strand and Iloyal Exchange, and all his patent rights ; and that t do not 
mean the owner 61 the- ^hop of t^he same name in Cockspur Street, who, I 
Velieve, is now r lady. 
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have become in mkny pa^s nnsat^factorycjjp tbe.^hor,* 
unless bis own knoT/(l^^e has stood stdl; lend if is lest* 
trouble to write tbing|* afresh, than to ]{U^ch thetn up* 
with emendations, if much^mendctionriaVpquifed. Gf # 
course a great deal of the book will still be the lame in 
substance; but coasidei;{d)le q^ntity of new {natter 
will be added. Af the same Jime, I shiJl ^compfass, 09 
shorten, or omit various things whioli l/Kve become 
obsolete or uselcs^ since the^rst puSlication, exCfeptJ 
where they still have some interest as steps in the 
progress of invention, or where it is benevolent to warn 
people against wasting their time in inventing them i 
again. I hope the improvement in the printthg of this 
edition compared with the^first will be obsen^c^^ to the 
credit of the publisher. A fe^ of the oldwwoodcuts^ire 
used, but the great majority are new,lan^mncn better 
than ill any of the m’evious'editionss 

I mention especi^ly as ntjw matter* to be added, the 
description of some clock escapements ^hich have-comg 
into use since the first editioh; and also the complete 
history and description of the great clock of the Houaes 
of Parliament, and its bells, up*to the present time^ In, 
1^150, when I published the firit^ account of ^hc pro¬ 
ceedings, the clock itself was not begup; anS in -1857, 
when the last editiop of this book was writtcn,*thc clock 
was still in Mr. llenPs factory, a^d only one of the . 
bells cast. I ani tola that^mllny people are gurious toj 
see a complete history of *fhc strange circumstances by* 
which the work has been novi delayed for n 5 lass than 16 
*ycan8 since the negotiations began, ^t is noi? arro¬ 
gating much to myself to ^ay, that«thefc is no other 
person livhig who has the means of wtiting a trile 



4 


ON THE MEASURES OF TIME. 

' I 


■ * of businfiss, if wished; and I have 

fertainly ntffc yet ‘Seen much indn^don of any desire to 
do tlTht on iV'e part of any ''ot fthe numerous authors 
«ifhom the subject hffe called forth; nor was any to be 
expecteTl, considering who |iave had to be disappointed 
and defeated, not owe, but. many ti^ncs, in the course 
getting that* clock a^d those bells up into Sir C. 
Barry^s tower, r 

^ shall add a chapter »on bells in general, as a sub¬ 
ject intimately connected with clocks, and one on 
which I know by experience, when I had to take the 
responsibility of designing the Westminster bells, that 
there isnSothing of any practical value to be learnt 
from apy book that I coutd find in this or any other 
laitgiif^e; and it is cl6ar that there is a good deal 
more to be l«c.rnt' yet, especially as regards the casting 
of large bells. I dti not believe tlijit a really good bell 
of five tons weight has •bbeii cas^ within the last 200 


years. 

In this edition, as in the former ones, I shall notice 
every new invention in horology which seems likely to 
* be of any real value. I am only sorry that there are 
not mofe of them; btt unfortunately the clockmakiifg 
trade is perhaps, the most stationary of all the mechan¬ 
ical and scientific trades. In large towns, where there 
arc men of *iiotc(\ skill in other branches of business 
^of similay character, tlmrc ure now actually fewer 
^who have the reputation of bein^ clever watch and 
clockiriiikcrsHhan I remember twenty years ago;* and 

\ ' f ** “ * 

• • 

* I sec that ifibstaiitially tbe same remark was made in a painpidet 
published by Mr, 5 . Froflshain, hrmafjlf a chronometer maker, in 1849, and 
i^BcemB to me td get moi-e true every year. 
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the resistance * to HmprovementSj either ip constniptionn* 
or in the modes of car#5^ing on the J)usi;^€#s, is fjlmosj* 
enough to baffle the ^eris of the few makers who are* 
anxious to effect them. As for ^e ant <if large-cloQ^- 
making, we were scandalous^ behind the'Freftch in it 
a few years ago, u^til the late Mr. Dent set up a 
factory of his oW, and begati ’*a rejf^luti^n, 'in th^ 
manufacture of such •clock? in conseqaenee of a 
combination against him, and reduced their p^ce* 
as much as he improved the* quality; which, I*havdP 
good reason for believing, is the true reason of the 
animosity which has long raged against him, anc^ every ^ 
body who supports or assists him or his sViccessw. I 
do not know that a severer satire could have been 
written upon the state of that branch of^the'art, tjian 
was published by the London Coippaiyr of/Clock- 
makers themselves m 1852, in a ntemorial against Idle 
cmployipent of Ml. Dent ^o make -the Westminster 
clock, wherein they*declared that the» Hotel de Yille 
clock at Paris, made in 17815 was still the best public 
clock in the world; which proved at any rate that ^he 
memorialists were not only i^jnocent but ignorant of 
^y improvements made in thejiast 70 years, pn^weift* 
determined to prevent anybody else from introtlucing 
them if they could. As nine out of *ten of 4 :he turret 
clocks supplied bv the so-called clock^ and watch- ^ 
makers both of London and, the co^intry, are made fov . 
them on commis^n by,*ar few manufactm^M in th4 
cast of London, no doubt it is inuch pleassg^iter for 
♦ theyi all to go on in the old way, thm to \a15e these 
alterations in construction and price forced down their 
throats by two or three ehtSrprising m^ in Londpn 
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ON MSisutlES OF 

* • 

«»a3id4}ie nortjg^ who have son^o rega{'d Ifor science as 

* j^cll as taoney. • • #, 

* 1 Imow by {ixperience that* some persons will be dis- 
^ afkpointed because they do not find this Rudimentary 

Treatise almost as easy r&al^ing as railway literature. 
Tbe ^nly rudimejitEiry treatise I^am ficquainted with, 
V<^bic|}‘doe!ii not require &ome previous^Icnowledge^ is that 
one wbicb cft>nsi§ts of tbe alphabet in large letters; and 
*ey«i that is ndt always found an easy and pleasant 
*stud^, and ig not to be mastered without more atten¬ 
tion than is usually bestowed on a novel or a news- 
. paper.* I do not believe that the real rudiments of 
horolbgical kifowledge can be taught much more 
simply than they are here. * They may be slurred over 
and pretendgd to be'taught when they are not; or 
they nJhy be j^ssiimed to he known^ and so a book may 
bd made to look ea^y by being exactly the opposite of 
rudimei^ary. Fbr instaqce^ I migAt put down certain 
conclpsions respecting pendulums and escapements, 
and leave out all the calculations by which they arc 
ol^ined, and so free these pages from the horrifying 
appearance of algebraical formulae. But to call such a 
book* a Rudimentary treatise would be an imposture 
At the same time, those who are ifot in a condition to 
follow the mathematical proofs, will find plenty to read 
without them; or^they may, at any rate, accept the 
conclusions as readily as if the;proofs had been omitted 
^or the dale of makin|; the ^)ook look easy; and afber 
all, it V only a siqall portion of the subject which is 
alflictq^ with an^ mathematics. 

•Having thiis explained liow far this is a new book. 
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SIDEReJl, mean TIMEi* 

« • 

and what you*may expect to find in it, ^e may aa^well^ 
begin business by consfdering wliat tjiat thing is which* 
clocks and watches ar4 intended to measix^. Yo\\ ueei 
not be afraid that I libean to en^bai;^ on a metaph;!^- 
sical disquisition on the fiafrure of Time:* I onjy want* 
to explain that the things hailed days, hours, minutes, 
and seconds, are of several di£^ii3nt lengthy afid are* 
reckoned from difiPerenfr epocjis, with reference to the 
sun, the stars, and the purposes of common life; ^d* 

that that which is'lhe most commonly used of all^ is a” 

•« 

purely arbitrary and conventional kind of tunc, agreeing 
with no real motion of any one of the heavenly bodies, 
or of the earth, or anything in nature. • * 

* 


SIDEREAL, SOLAR, AlfD *MEAN TIME. 


A sidereal day is simply the time of' one absolute 
revolution of the cjirth, without reference to the sun or 
any other body in thb universe*; but thq only practicable 
way of measuring it is by .observing two successive 
transits of the same fixed star over the meridian of .the 
place, since the fixed stars ai^ at what may be called 
|n infinite distance; and the only accurat^ wny of^ 
doing that is by a talescop^iounted across du cast and 
west horizontal axis so that it can (fnly mqve .in the 
meridian or north bud south plane. Such a telpscope 
is called a ‘ transit Aistr-ument.' Tifis absolute revolu- ' 


tion of the earth ^ the only motion or periecl which i« 
both perfectly invariable hnd.directly ob^rvable in the 
whole solar system; and tlierefore, liUle as*we,bear in 
general 6f sidereal time, and widely as^it difieH from 
ordinary clock time, yet in fact all the^lock time in 
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ON Tip: MEASURES OP ilME. 

«ithe lisprld is k/^pt in order by sidereal observations 
piade bj tbo transit instruments,of observatories and 
*by cateulationif made therefroto.* • 
a3ut Vf-hat ijS| *4 015. 0 o^clock 'at any given place by 
sidereal lime ? It is when a certain imaginary point in 
the heavens called t (the ^first ^oint of Aries), the 
^ntersTOtion of ,the equhtor and the Ecliptic, passes the 
meridian ofvthat place. fiAnd It must be remembered 
that this T has* a very slow motion* backwards called 
^precessiorif amounting to 50" of space every year, which 
is equivalent to 34 seconds of time; so that, after all, 

^ the sidereal day of astronomers is not quite identical 
with*-ihe per'iod*of two successive transits of a star, but 
is nearly the hundredth ptirt of a second less; and 
in .26,600 years the“ sidereal time of astronomers, 
measuivjd by*thi^invisibleopoint and their clocks, will 
have counted one full day more than if it had been 
reckoned by the visible star-clock of the heavens. As 
T is not a thing observable by telescopes, the wa}^ to 
hnd 24 o'clock sidereal is to observe the time of 
transit of some star whose distance from t in sidereal 
time, or in right ascenmuj is given in the Nautical or 
' somd ot^ier almanac fpr the year, and then you knoi^ 
whether j'our clock is i||||lit, or how much it is 
wrong> ‘ 

^ A solar day is the interval between two successive 

. ^jtransits of the middle of. the ^un ''over the meridian : 
thud befos« that can happen the eartb.must make rather 
more th,Hn ono absolute revolution, because* it is moving 
on in its orbit round the sun at the same time and in * 
the same dirv^ction as it turns itself. Consequently 
th,ere is one more sideresd day in a year than there are 



9 


SIDEREA^j, SOLAR, aJiD MEAN TIME.* 

’ * » 

• i 

solar days, aid the average solar day,is 3 sidp«real., 
minutes and 56*555^^ seconds longer, than’ the •sidereal * 
day, or in the ratio of» a:o3738 to i. SoIai; time 48 no* 
longer shown by anything ^but 8t|n-dials; and they ayp 
almost obsolete and useless,* except for a mere solar * 
noon-mark, whi<^h a^rds a convenient and easy way 
of keeping clocks near enough tt> the thhe fc^ all ordi-,t 
nary purposes, as will hh explained presenStly. *It was 
the fashion in France, so late as 182^, to make the* 
public clocks show%olar time, either by altering them ^ 
nearly every day to suit the sun-dial, or by some 
cojnplicated machinery; but that is now niiivtrsally 
abandoned. '• • 

Since the ecliptic or the*earth’s orbit round the sun 
is oblique to the equator, solar^days could not be equal, 

^ even if the orbit were a circle and th^ distance moved 
in it by the earth every day were tjie same; but it is 
an ellipse, with one end nearer to the sun than the 
other, and the earth* moves faster whep it is near the 
sun than when it is far off*; and these two causes 
together (the former more than the latter) make the 
solar days vary in length considerably; so much, that 
l^iey are a minute longer in l^ecember, an^ half a ’ 
minute longer in Jnine tlupm in 6eptember**or April; 
and if a common clock which goes perfectly right is set 
by the sun-dial in November, it will be half an* hour ’ 
before the sun-dial ify the loth of Februarj'-. Hence it, ^ 
is that the aftemqcns appear to get dark t6c> soon in’, 
October and November, and r.re so^muchjigfhter at an 
•^equ^l time after Christmas, and thi momii^s the 
contrary. ^ 

Mean Time. Although the length of^he solar day 
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» ON THE MEiSUBES OP 4 'IME. 

f 

* ♦ , ■ 
-^is tl^ variabje^ that of the year is invariable,* though 

* jt is no jhtegr^l number ^days. Consequently 
•thcrciis an^acerage length «f<s^l^ day which is just 

constant frou). yeajr to year as* the sidereal day itself; 
and tlvs conventional average day is the one which 
has long been adopted fo^ aU dvil and many astro> 
»nomical purpe.|es, dSd it constitutes what is called 
mean time. « The differei^pe between it and solar time 
ois galled the Etiuation of time, which is sometimes as 
^'much as 14 m. one way and 16 m. the other. The 
following table, in the convenient form in which Mr. 
Dent annually publishes it, shows what time the clock 
ought to iutlic&te at solar noon by a meridian instru¬ 
ment j remembering that this time has to be further 
coi^ectfed for the longitpde to show what the Green¬ 
wich n^ean time as at the .moment of solar noon at the 
piece where you arp. 

The equation*'is not quite tha same evqry year, 
because it movgs on about a qu^lrter of a day until 
leap year comes and puts it back again. But this table 
wiH be very nearly right for 1861-65, and every first 
year after a leap-year fgr a long time to come. And 
' for the <^second year ^fter leap-year it will be rigb^v 
enough if^you subtract J of the difference between any 
day and the next, in this table, when the figures 
increasing: e.g. on 1 Januari 1861, the clock is 
Jbefore the sun 3m. 58^sec. j and on 2 January, 

* * This IB not strictly true, we are.iiot speaking of tbe sulereal year, 
which is tlft iBiraxial)l0jlength,*^65 d- 6 h. 9 m. 9'6 s, (mean time), but 
of the tr^eal year,tror the time of annual passage of tho earth or sun t 
from nn to qp aga^, which is now 365 d. 5 h. 48 m. 497 s,, or 365‘z4224 
day«, but was 4’2/‘Becoiils longey in the time of the first great hnoum 

’ asttouomer, HippArebua, 2000 years ago. Uerschefs Astronomy. 



II 


SIDEIlEAi, SOLAH, AND ME^N TIIklE. 

s 

4m. 26 sec.; the difference between which is 28 '•ec. 
and therefore the ti^e of solar noon on i January. ’ 
1862, will be 3 m, 51 stc.; and for 1C63 it will be* 
3 m. 44 sec. But when t^e clock tinio in the taWc 
is decreasing, you must add | of the difference: e.ff, on 
1 September, it,is H‘ 59 ’ 50 ^ the 2nd, ii'59*3i; 

adding a quarter •of the diffei^hce or neatly 5 sec. 
gives the clock time for' i September in the following 
year (the 2nd after leap year) righff within 2 sesc.,' 
which is quite as near as you can observe with* any 
meridian dial or instrument short of a transit tele¬ 
scope. For the third year after leap-year you must 
of course add or subtrj^ot J instead of ^ of these diffe¬ 
rences. Leap-year itself* must be treated in the 
opposite way, adding instead pf liubtracting a quarter 
of the daily difference and vice versd, as fa back 
as I March, and then 29 February must be treated 
as if it .were 28 February,* and so on back^ to the 
beginning of the yeait. 

In sotting a mean time clock by sidereal observations 
you have nothing to do with the equation of time, which 
only relates to the sun. Sqme common almanacs, 
Ijisidcs the Nautical, give the mean time at which 
certain stars and planets pass thd meridian of Green¬ 
wich, and then the operation of setting the» clock is 
simple and obvious eliough. But it should be observed 
that astronomers^ mean time has no a.m. and p.m., but ’ 
is reckoned up to 24 hours from the noon after the 
midnight at which the civil day is C9nside’*ed to begin. 
•Thug II A.M. T January i860, of common hfe was 
23h. 31 December 1859, astronoiu9:^s. Without 
some of the data which are only to be fc^nd in such 



t 


TABLE OF THE 


FOE THE FIRST 


Showing Gre^i^wich clook time when the Sun is on the 



Oarol 

HoBlk 

1 

[ ♦ Jajtuahi. 1 

n 

Fjsukuahy. 

Mak^h. • 

« 

* 

r April.' 

_ 

• 

Mat. 

J I'SE. ' 

. ^ 
f 



r 

j,--- r- 

^it 


» 




M. 

n. M. s. 

Ha. &. B. 

H. U. 8. 

H. H. B. 

H. H. S. 


1 

0 3 58 

0 13 55 

0 ,»a 33 

0 3 55 

11 56 57 

11 57 31'' 


« 

1 ... 4 »6: 

*12 21 

* , 3 ‘ 37 

56 50 

57 4 ?| 

- 

3 

1 ' 4 54 

t * , 

: < *4 9 

12 8 

* 3 *9 

56 43 

57 < 50, 


4 

1 

5 f> 

14 15 

r ” 55 

3 » 

5 ® 37 

58 0, 


5 

» 

! s 48 

1 

• 14 20 

11 41 

2 43 

56 3 * 

58 lO 

■ 

6 

f 6 15 

14 24 

11 27 

« 

2 25 

56 26 

58 20 


7 

i 6 41 

14 27 

II 12 

a 8 

56 21 

58 31 1 


S 

! * 76 

14 29 

10 57 

* 5 * 

56 17 

58 41 


9 

, 7 

j U 30 

10 42 

J 34 

56 14 

58 53 


lO ' 

7 55 

" H 3 » 

10 v 6 , 

I 17 

56 11 

59 5 


11 

. . 8 ^9 

14 

10 10 

I 1 

56 9 

59 * 7 ; 


If 

! 84?, 

14 30 

C 9 54 

0 45 

56 7 

59 19 


*3 

t 9 SJ 

U14 29 

9 37 j 

0 29 

56 6 

59 41 


14 

9 » 7 * 

14 27 

9 20 1 

0 14 

56 6 

59 54 


JS 

1 

9 48 

, 14 *4 

9 3 

t - 

” 59 59 

1 

56 6j 

007 


1-6 

So 8 

*4 ao 

8 46 

59 44 

56 7' 

0 19 


*7 

' 10 28 

14 16 

8 28 
•ft 

59 - 3 ° 

56 8| 

0 32 


i8 

i 

10 48 ' 

14 II 

8 II 

59 16 

56 10 

0 45 


f 9 

11 6 

*4 5 

7 53 

! 59 2 

56 12 

0 58 


ao 

11 24 

*3 58 

f 7 35 

[ 58 49 

56 15 

1 

I JX 


21 

4 » 1 

13 Sr 

7 »7 

58 37 

56 19 

I *A 5 


22 ' 

1 

II" 57 ; 

I? 43 

6 58 

' 58 15 

56 23 

1 38 


*3 

. !«'' n; 

13 35 

6 40 

58 13 

56 a8 

* 5 * 


! 

12 27 

41 j 

13 26 

6 22 

1 58 * 

56 33 

2 4 


25 , 

12 41 ; 

Aj 17 

6 3 

1 57 51 

t 

56 38 

-a 17 


26 

t 

**» 54 i 

13 7 

1 

. 1 45 

^57 4 » 

’ » 
56 44 ; 

a 29 


*7 , 

13 7 1 

la 5^ 

y-ae 

57 3 * 

56 51 j 

a 42 


28 j 

* li 

1=^' 45 

rS 8-| 

57 11 

56 58 

1 54 


29 1 

c*' *3 '*9 

€ 

4 49 

57 13 

57 6 

*^3 6 


30 I 

13 38rJ 

ft 

4 31 

57 5 

57 14 

3 18 

' 

■ 3 ‘ i 

r j 

*3 47 ! 

"1 

V 

• -4 13 

> 

1 

1 

1 

57 22 j 

1 






EQUATION OF likE, 

i 

TEAR AFTER LEAP TiBAR. 

meridian, after correcting for tiie loij||Sttide of th#p!ace. 


Osyof T„,„ 


•i ! , 
<i i6 



1 ■ ■ 


Auqtjst. S: 

s. 1 

1 

II. M. 8. ; I 

30 

0621 

41 

5 ' 5 ^i ' 

52 

5 53*1 


6 5 
6 8 
6 10 
6 ii 
6 12 

6 13 
6 13 
6 12 
6 10 
6 S 
6 5 


Auqtjst. SmffMnT-R. October, Nojwibbe. ' 

l. M. 8. ' ir. M. I. fll. M, S. II. ft. 8. I^n. M. S.*l 


4 3 
4 13 

4 *4 
4 33 
4 43 

4 5 ^ 

5 o 

5 9 
5 16 
5 24 
5 30 
5 37 


5 36 
5 29 
5 22 
5 H 
5 5 

4 56 
4 46 
4 36 
4 *5 
4 »4 


3 49 
3 36 
3 23 
3 9 

2 55 
2 40 
2 25 
2 9 
I 53 


i 37 j 

X 20: 


O 45 1 
o 27 I 
o 8 I 


59 3 * 
59 ” 
5 * 52 
58 32 

58 J 2 
57 52 i 
57 31: 
57 ” 
^ 50 

• « 

56 29 

56 9 

55 4*0 
55 27 
55 6 


I 9 » 43 42 49 42 

49 o •* 43 42 \ i 


2 « % 54 44 


54 23 
54 2 

53 41 


• 4 * 42 

48 24 

* 48 6 

47 49 
47 32 
■ 47 16 

47 o 

46 45 
e 46 30 
46 16 
46 2 

45 49 

45 36 
, 45 24 

45 J 3 
45 2 


53 20 .44 52 


5 * 59 
52 39 
52 18 

5 t 5 / 
5 * 37 

51 #6, 

50*156 

.50 3^1 
50 17 

49 57 


44 42 

4 53 

44 25 
44 *7 
44 3 * 

44 5 

59 
43 *:4 


4 43 
43 45 

43 47 
43 50 

43 55 

44 o 
44 6 

44 

44 20 
44 48 

*'44 38 

44 48 

44 59 

45 

45 24 
45 37 

45 51 

46 , 7 ^ 

46 *23 
46 jp 

46 57 

47 15 

47 * 3 i 
47*54 
V •* 4 <‘ 


7 43 47 

• • 43 4 I 


43 50 • 48 35 

43 47 .•^8 57 


50 30 

52 5 «' 

51 

51 46 

52 12 
52 39 <' 

61 


53 34 
H 2 

54 31 
55. o 

55 29 

55 58 

• 56 28 

56 57 
5 % »7 

57 57 

• » . 'I 

58 27 i 
58 57 

. 59 27 

. 59 57 | 
o o 27 ^ 

•i* 

O 9 f; 

I zf 

1 56 
, a 25 
a 54 
3 23 



i 


14 


ON MEASURES OF TIME. 


a^anaCj il«is of no use attempting to find the time 
' ^rom siieroal observations, an& ^therefore it is not 
nvortb while «t6 give any less* simple modes of doing it 
^ f{;om other dnjta thaii^those ^ust Mentioned. 

But ^^ou may regulate the rate or going of a mean 
clock from siderej\f observataons wjthou,t the aid of any 
gtables or istrofipmicaT'data, though you cannot set it to 
the actual ^ime. The mean'' day is 3m. 56*55543. 
'sidforeal longer'than a ^ sidereal day; and therefore 
‘'sidereal hours, minutes, &c., may be turned into mean 
ones by multiplying them by *99727, or by subtracting 
, 9*83 seconds from every hour, and i second from every 
6m. * 6s. Xnd as the 3m. *56*55$. sidereal = 3m. 
55*73. mean, the mean clock ought to show so much 
less fit 'the second transit of a star, tlian the time it 
showed^at the^fir^t transit.* 

'This operation mjiy also be performed with sufficient 
accuracy^ without a transit instrument. Bo,r if you 
make a small oye-hole in a thin' plate, fixed looking 
south, f^d set up, or find anywhere due south of it a 
pe^tfcctly vertical straight edge, the occultation or 
emergence of any given ^star against, tliat straight edge 
will be %een through the eye-hole at exactly every 2/ 
sidereal hours, or at every 2311. '56m. 4*38. of mean 
time. • And it is* not necessary for merely regulating a 
clock/ that the hol^andthe edge shjiuld be very exactly 
the meridian, if you oijly use it for observing stars 
iuot far from the equator. 'Bpt if you aim at using it 
for setting*as^w^ell qs reg»jlating^ your clocks, with the 
help offTstrononlical tables, then you must take carp to*- 
have the hoKs an^ the edge exactly in the meridian. 
Probably the', best way o^ doing this, is to fix the plate 



sidereaI, solar,* aAd mean time.* 
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by carrying the time by two or three chjonomete^ of, 
known rate, from the Ifearest ofiseryatory^ u^hg th^ 
almanac time of the sC^thkig of one or ine];^ stars, • 
In all operations fo# setting c^cks.fjiom any kinj 
of celestial observations, •yen must reiiienil]|^r the 
difference between j^our bwn longitude and that 
which is the standard of the Cl3!tntry,^^vhich isf *here, 
the Koyal Observatory air Grccfiwich; tliougfh it is*only 
since the publication of the first edition of this bopk - 
that some places in the west* of England have tcon- ^ 
descended t(f adopt that universal time, andT others have 
compromised the matter by putting two minute hands 
to ^heir clocks, one for^local and the other* for Gi»en- 
wich time. Christ Churchj Oxford, keeps both times 
by different clocks, the datl^edral still adhdilng ^to 
local time, while ‘ Tom* (whgse clock ^eeras noli much 
better than himself) professes GreejOLwich* time, and so 
do the pther collage and, town clacks now. The 
meridian you use mllst be the true o^e of the place, 
and not a false one adapted to Greenwich be^eliand 
(unless the longitude is very small) and tlfe correction 
must be made at the rate of 4pi. to a degree of longi¬ 
tude. For instance, in using the above equatij^n Ipublo 
at Doncaster, 4m. P2s. must be* added to* the time 
throughout; for on the four days in thb year n^hen the 
equation is nothingJi;he Greenwich^ clocks will ^how 
oh. 4m. I2S. when tne sun l^as reached the Doncaster , 
meridian. Here is a tabl^ ef some forty to\fn«, show- • 
ing how much the clock oughb to b^ before or ^behind 
%olai;time if it is to agree with Greenwich, or 'ifhat is 
popularly called railway time; i. e.^ th^ time which 
railway trains profess to kedj), *but never ^^ll regularly, 
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ON THE MEASURES OF * TIME. 


un^l the CQ^paDies are made to forfeit their fares 
^whenever ^Sey (^o not keep {fee ^ time they choose to 
• publish. , • • • y 
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^INSTRUMENTS ft)R MEASURING TIME. 

At the h«ad of thesei.of course stand the oldest of 
them i^ll, sun-dials. But it would be a waste of time to 
say much a]iout them, except in the forms in which 
^hey may b^ made subservient to the more useful and 
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sun-diaIs. 

• 

jiccurate machines by winch they Jiave been superseded. • 
The principal feature all sun-dials which fiave^o indi-f ’ 
cate other hours besiUcs lioon is a with a * 

straight edge, or pair of #dges, parallel to4;^[^ earth’s axis^ 
and therefore inclined to the Horizon at an anglo equal 
to the latitude of,the place, -vwth a nlatp for the gnpjraon 
, to throw a shadow ^n. Thus an Indiatf suntdial has { 
its giipmon nearly level, and a polar one^woifld be quite 
upright. If the plate of the di|,l is a cylinder of which 
the edge of the gnomon is the axis, alj the hour 
divisions will be equal, but not otherwise. The divisions 
before and after noon are equal when the plate is either 
horizontal both ways, oy^inclined only tt) the southj or 
vertical on a south wall. Sometimes they are set in 
other fanciful positions; in whatever position tlie plate 
is, the same hour marks will do for all tjmes of th# year, 
provided only the gnomon is paralleUto the earth’s axi§. 
But all that belongs^ to the wl^of dialting, may 

be found in any of thh encyclopaedias, amd is of nq use 
to us, especially as sun-dial •observations cannot be 
relied on with any accuracy except when the sun*^ 
near the meridian. • 

*Mendian dial. A solar meric^an mark o^ ifun-dial* 
for noon only is iiitelKgible and uscfble by maify persons 
who cannot or will not undertake sidereal obsetvations, 
and is so easily made)that everybody pught.to have* one 
who cares about having accurate time, and has not the t 
means of getting it fronj ^omq other source. The « 
simplest of all ways of taxing ^«ch a niark » tq Sft up a 
|rtate,facing the south with-a narrow vettical slihynit, 
reaching down to the bottom, upon a^oridhntal slab of 
smooth stone, and mark the* line of brighiness on tli§^ 

f 
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stone at tliQ^ time of solar noon by a chronometer or 
, good wfwtcb carrying the time iroijfi some reliable source. 
Mr.d^ent mjtkes these gnomons.* as zinc plates fixed on 
n small c^stbiron s|;andard in^a convenient form for 
fixing) and* they cost oiily a few shillings. The line 
once drawn is right for ever, provided the slab and the 
gnomon Jire fi'^ed fi^ and right at ^rst. 

It may he worth whifi to 'explain how such a thing 
may be fixed independently of a chronometer. This 
picture represents only another form of the same instru¬ 
ment, in principle just the same, but in practice not 
so ebuvenieut, except where you have room for a very 
**• ' j r long plate, on account 

of the length of the 
shadow in winter. 
Here A may be con¬ 
sidered cither as a 
small hole in a thin 
copper plate AD (such 
as is fixed in the roof 
of the clock-room at 
the Doncaster railway- 
station, about 9 inches 
above the, slab) or as 
the top of the slit in 
the upright gnomon, 
which in that case is r^resented by the vertical line 
AC daWn to the slab, which must be made exactly 
level for^ tips pur,nose. • '^t a little before 11 on a fincij^ 
day ip the summer half of the year, mark with a pendl 
where the brighf; spot or end of the bright line falls 
ppon the sjab, say at S ^ knd draw the arc of a circle 
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witk radius CfS,. Mark again two otb#r spots 
SL before noon, and d/aw the circles through them in^ 
the same way. Then Vrfttdi for the timcft ^ter noon 
when the bright spot falfb upon the #eveBal\’irclea» againj, 
and mark those places Sj, Sg. Bisect each ef the 
three distances S^s,, you can draw a 

, straight line CB frcwa C through* all thej^isecljons, the 
observations have probably be{n correcj, anil you may 
consider CB the meridian line. ^ But brfore you cut it 
into the stone, you had better repeat the process on 
several days, and also try it by a chronometer if you can. 

1 fixed tHb first that was made of these upright gnoihous 
in this way in a garden /€ years ago, -withouf any cliro- 
nometer, and it afterwards *had the honour of being 
examined by Professor Challis,gW]!io is the hea^ of t^e 
Cambridge observatory, and .was foui|i right within 
3 or 4 seconds. , • 

It is convenient to* have ai^ equation table cut^on the 
stone, to be always at liand. It is enough to put in the 
days where the change in the equation amounts to a 
minute, which are only about 8o, and the 4 days 
maximum, as 'you can easily interpolate the rest when 
want them. The table engr^cd had bettepb^for* 
the first ye«* after le^ year, and jfou can correct it for 
any other year by the rule given at p. 10. Itwrill also 
save trouble and dimi|tiish the chance ^ mistakes, if*you 
incorporate the local differenge from Greenwich time 
with it. Thus the table to cut on a sun-dial at Don- * 
Ipaster would show Clock Jime gf solar^oon m i January 
#86ij^a8 oh. 8m. loi. If you prefer ttie other•form^ 
of 'Clock before or after sun,' then thn*table must 
show Clock after mn on i l^ovember, i2mJ4s., instea4 
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of* 16m. i 6 f. as it is at Greenwich. Of course* the 
I further wQs\ yov go, the fewer ^ays of clock after sun 
thene will rhft in your tahle^ ohlbk meaning Greenwich 
,time, Bemen^her. ^ ^ * 

TIm Bipleidoscope another meridian instrument, 
which was invented by t£e lat^ Mr^ J. M. Bloxam, a 
bariTstef in ^insidSable practice, whose name I shall» 
have to mentiqn again ^n cchinection with some clock 
inventions. Re took out a patent for it and assigned it 

to Mr. Dent, by whom 
only they are made. 
Its name, expound¬ 
ed of 6nrAdoy double, 
ei5os an image, and 
(TKOTT^a) to see, indi¬ 
cates the principle of 
it; because in all 
positions but one you 
see a double image of 
the sun reflected in 
it; and if it is so fixed 
that the single image 
—i.c., the coincidence. 
* of the t\w)—occurs at 
solar noon, it evi- 
jidcntly becomes a me¬ 
ridian instrument. It 
has the advantage 
also of reflecting t% 
sun ,when it iS just too cloudy for a bright spot,to Ife 
distinct, anU in ^fact you can only look at it through 
,smoked or Coloured glass when the sun is bright. 
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The instrument consists of three small plates of gUss 

^ 

put together at theif edges in a hirass yoic# about ^ 
2 inches wide and. high^ so as to form a ho^lq^w priasn of • 
any convenient angle, ^o j^recisi^n being necessary, 
in tlifs. ABC in this figurd is the section of*it at 
right angles to tl\,e axi^ of the prism. , The front ^lass 
,BC is plain; the ether two are*^lacke^d behind to ^ 
form reflectors. But thdugh ihe fronts gliws is trans¬ 
parent, it also reflects, because there ‘are dark ones 
behind it. SI and IR' are sections of the planes of 
incidence and reflection of the sun’s rays from the glass 
B C. But part of the rays passes through that glass, 
and is reflected by glass ^ C to A B, and ^gam reflected 
there and sent through B C t 5 R^. Now let the angle of 
incidence, and therefore of first j^eftection, aj I be "called 
A—6 (A being the angle of the two rejecting glasses), 
and let the other angles be designated as in the figure. 
It requires no mathematics beyond the*knowle^e that 
the three angles of ftvery triangle = i8o°, commonly 
called TT, to see that the angle /3 = 7 r--(C 4 -A--d) 
in the small triangle near C; and in the one near J^, 
y ss: TT — {A+j 3 ) = C — 8; andiili the triangle near B, 

I TT —(B+y) = “TT — (B + C — 6^ = A + 8. That fe to* 
say, the angle a, madb by the plan^of emergence of the 
twice reflected rays with the front glass, differs ‘from 
that of the once reflelted by 2 8. Th^fore^if the prism 
is so pjaced as to make 8 = which it will be if the 
angle of incidence = A, tjef twije reflected rays will 
come out parallel to the oi^ reflected, ancj tjie two 
hna^s of the sun will coincide. In fiiflng the instru¬ 
ment however, we have nothing to d^ witjf the a^igles; 
but simply to adjust it by trialVith a chroSiometer (fo^ 
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it cannot be. done without), so that the images do co- 
incide »at ttie tin^e oi solar noon. 

They were at first made* so as to be fixtures on the 
cStone where.'tbey yrere s^t, add so they were always 
exposed to‘ the weather* and besides, if cemenfed in 
wrongly, they ^ere wrorig for acver. To avoid both 
these evjls, I (Suggested the making of a brass plate to 
be ^xed or!, the stone, with a raised slip adjustable by 
screws, against which^ the instrument is to be laid 
closely when used, but at other times it may be kept in 
the house. Mr. Dent also makes some of them to turn 
on An axis parallel to the earth's axis, and then they 
can be presented to the sun, at other hours besides 
noon, but only for the given latitude like a sun-dial. 
Some arc n^ado adjustable for latitude also. They are 
moreaver made for star o?Dservations with the reflectors 
silvered instead of blackened, on account of the greater 
feebleness of the light. Mr. Dent publishes a table 
to be used witli them, which shows the time of first 
and last contact of the two images of the sun for 
^^ery day in the year, as that is observable perhaps 
more accurately than the time of coincidence; at any 
ratA it\ gives three chances of observation instead i^f 
one. * ' 

WATER AND SAND CfiOCKS. 

The earliest time-keeping machhie is the clepsj^dra or 
' water-clock of the Greeks' and Romans, which was no 
doubt ,madedn varmus yitruvius mentions one 

made^t!is a water-wheel, which would probably bceverf 
irregular. ^I'he sifuplest in construction is a graduated 
cylindrical vessel with a hole in the bottom, and this. 



f 


23 
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. 

appears to have lieeii the most commonly u^ied: hut.t^y 
must surely have discovered that tie ’^ater tljat case ^ 
by no means runs oufr. with uniform velocj^, thgugh 
they did not know, and%ome of th§ modern writers on^ 
antiquities apparently do n^t* either, tha^ the vq^ocity 
varies as the square joot the height of the water 
above the hole, ikit if a trough is l|fpt fhll Sy a 
stream, and a hole madelanywjiere in il^ th4 water*will 
then run uniformly into, and rise unifonnly in another 
cylindrical vessel, ii/which its Tieight may he marked 
on the sides, if it is of glass, or else by a floating index, 
and that will make a very fair clock. I do not how¬ 
ever find any notice of ^auch a one in book^ of Gr^ck 
and Homan antiquities. ^Various other forms of 
clepsydra arc described in them^ which it is not *Vorj|^h 
while to copy here. • • • 

The case is different with sand. Jf a column of dry 
sand ever.so high stands ovci!i»a small hole, the sand will 
run out no faster than if it is a very moderate height, 
for the same reason that a pile or cone of sand on a 
given base Avill stand up to a certain height and angjp 
only, which depends on the amount of friction between 
tie particles. The angles of the waist of an hojir-glass* 
ought to agree with that natural Angle of the sand in 
order that it may run out uniformly to the end—if that 
is of any consequence, which it hardl;^is for the boiling 
of eggg, or even for the old usq of limiting the length of 
sermons; which object ifight jometimes be* advan- * 
tageously accomplished^now ^ a deicendiug soqnding- 
hoar^, or as sounding-boards are gone*oiit of fgshion, 
by a pulpit-bottom or ‘ drop ’ let do|vn clock-work 
at the proper time. * * * 
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, burning of graduated candles was another mode 
^of maipcin^' time^ and if the candles were of wax, 
as they prpbably were, and sh^tered from wind, and 
the wmks ubifprm throughout! the measure would be 
accurate enV}ugh for any purpose for which it was likely 
to be used. The consumption of oil in a lamp might 
also*‘be ^markffd and'"used in the oame way. But it , 
would be a' waste of tii^e to describe any more forms 
of these now obsolete instruments, and we may as n ell 
proceed at once to wliat we now understand by the 
term clock-work, 

t 

^ CLOCKS. 

The invention of clocks '-driven by a weight has been 

soniethnes attributed to Paciheus, archdeacon of 

( 

Veroixa, in the .ninth ce^ntury; though many writers 
liave come to the conclusion—I do not know on wliat 
grounds, that his was only some .jaew kind pf watcr- 
elock. And a^ it seems to be admitted that Gcrbert, 
afterwards Pope SUveste’* II., made a clock at Magde¬ 
burg in 996, when he was an Archbishop, I do not see 
why Archdeacon Paci^cus should be considered iii- 
/;apab'le^^of having made perhaps an infeiior one in tljf 
century before. Wo have howe/er no evidence of 
clocks of. anything like the construction of the last 500 
years until the thjhteenth century.-. Lord Chief Justice 
Coke tells the story of the first Westminster, clock 
,‘■‘being put up out of a fine imposed upon a corrupt prede¬ 
cessor of his pwn in ,1298.^ The Exeter cathedral clock, 
of which ihe striking part is still in action (or was v’ery 
*f lately), is said in ^ritton^s history of the cathedral, to 
have been in existence In’1317; and one by Robert 
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Wallingford, Abbot of St. Albans 1326^1 is spokenrof 
as containing some invention, but I n^t know« 
wbat. The clocks of-Wdls and Cantefjpmry, amd I 
have no doubt, of Pei!ferboyough,#werc abcfUt theb 
same date. The striking pa^ts of Peterborough and 
Exeter are still ^oun(i up b}^ spokes ip a long wooden 
, barrel, and are of much more primitiijb construction 
than that clock made by Henry de Vicl^ for* Charles V. 
of France in 1370, of which tl^e de8cri{)tion has been 
several times printed. Captain Smyth alsoj)ublished a 
description in 1841 of one at Dover Castle with the 
date 1348 upon it. It had a pendulum, and so*have 
the Exeter and Peterborough clocks * (though tHeir 
going parts are not now used), which I suppose must 
have been added long afterwards, unle^ the date 
commonly assigned to that invention isj wrong by three 
centuries. It is not until quite modern times thdt 
church clocks had minute hsnn^ beside!^ the hoqr ones, 
but in other respectf there is surprisingly little diffe¬ 
rence in principle between the*oldest of these machines 
and the turret clocks, of most of the makers of tlys 
present day. • 

v 5 The going part of a clock is, ^d always {nIK bfeen,* 
nothing but a traiif of some nufnber of wheels and 
pinions, of which one turns in 12 hours, and another 
in 1 hour, if there is a minute haiid. IJfhe first, or 
slowest, or ' gi^at ^ wheel is turned by a weight hanging 
by a rope wound round aijblirrel/6n that when’s axis, 
or arbor, as it is called in cb9ck-making;«an^ the las^ 
t)r quickest wheel drives a fan-fly, or jf fly-wheeJ, or a 
pair of vibrating arms called a 'balano^,^ or a pen¬ 
dulum, to regulate the velocity*of the train. A spriqp 
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clQgk is me^ly a compound of a large watch and a 
^commo^^ clfick, and fhercfore we need not extend the 
, definition tg include that, c , ; * 

^ Perhaps tlio r^udinjentary reader does not know what 
a ‘ traju of Syfieels and pCiitons^ means, as it is not a 
phrase in much use exce 4 )t in clock-making. This 

picture will help to 
exidain it. The wheel 
called scape-wheel is 
intended to turn in a 
minute, suppose; 
which depends on the 
pendulum, which we 
have nothing to do 
with yet. Its axis, or 
arbor' has a small 
wheel ovpinwn (say) of 
7 ieeth or leaves fixed 
upon it, and that is 
driven by the second 
wheel with 56 teeth, 
which therefore turns 
in 8 minutes, and that 
has a pinion of 8 on 
its arbor, which is 
driven by the ce^re-wheel of 60, which therefore will 
^ turn in an fiour, and is adapted to carry the minute 
; hand. Jlhe centre-Hjieel again may have a pinion of 
^8 on its arbor, apd if ,that is driven by the great 
wheel ^ with 96»teeth, of course that will turn in 12. 
hours, and H^ight^ carry the hour hand, and used to do 
so in the old clocks without minute hands; but that 
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• • 

is generally now done otherwise^as I wiM ^explain ]Jte- 

sently. The barrel ^nd not the wheel is llxed to 4 h€f * 

arbor of the great widel* and has one e 3 d ctif into * 

teeth, like saw teeth, so a|^ to foim ^hSft, is &lled « « 

ratchett, whose teeth can p^ss under a spring of (M 4 k 

fixed upon the g^eat* wheels in ^(jne direction^ btyt not 

in the other. The"great^ whe^l is not Sxe.d upon the • 

arbor, but rides loosely on it, find the end dt the arbor 

is long and comes,through the frame, and is made , 

square, so that a key may fit it to wind the barrel in 

the direction in which it can move under the^click 

without moving the wheel; and then, whep you have 

done winding, the weight e^dently pulls it the oHier 

way and moves the whole train. , , 

You must understand that there is no virtue in l^e 

particular numbers of teeth ih the whelcls and ledves in 

the pinions which I Lave given: sSi that is requisite 

theoretically, is thaf the numbers of *the teeth of all 

the wheels multiplied together, and tlivided by* the 

numbers of the leaves of 4^11* the pinions multiplied 

together, should give th(^ proper velocity-ratio between 

the slowest wheel and the quickest. Thus, if the scape- 

' t>*heel has to turn 6o times as fast as the centrd wSeel,* 

* • • • ^ ^ 
and there is one between them winch ijiay turn in any 

time, the product of the tjeth divided by that of the 

leaves must = 6o, and subject to tHht, you may^dis- ' 

^tribute the numbers as yop pieas^theoretically j but; 

practically other considerations dome in, snch*as that 

the slower wheels must be^arger^ than * the quicker 

bnes«r~that if the leaves of the pinions are ^eny fetr Idiey 

do not drive easily, and if^tl;ey ard mahy, the teel^ 

must be many and small, and more expensive to cut, 
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t 

antt so forth*; and tljte result is that, in the common 
'long house clocks, the numberst,are usually what I 
' gave Just neyf, but in astrondmici^ clocks, or regulators, 
they are higher, sometimes^ twfee as much; in turret 
clocks they vary more acqording to circumstances, as 
will J)c seen hereafter^ * * 

T^i6 simple^ of all the methods* of regulating the • 
velocity of i;he Arain, and one which certainly existed 
before De Vick’s time, is the fan-^y, or a pair of arms 
with* vanes '^hich are resisted by the air. I think it by 
no means improbable, though it is never likely to be 
ascei^lained now, that some of those earlier clocks, 
perhaps even Tacificus's in 'the 9th century,* were 
trains^ of wheels with a fan-fly to regulate their 
velocity, instead of a '"balance, which De Vick used in 
his gcl^ng part,*though he had a fly in the striking 
pkrt, as the earlier English clocks have, and exactly 
as it i^ used t(f this da.y.* So lohg as the force and 
frietjon of the train are uniform, 1:he velocity of the fly 
will be uniform, as the variation of density of the air is 
ttfb small to affect it matei^ally; and it should be 
observed, that a long fly with a rather slow motion is 
less* affected by var^tions of force than a short an” 
quick ond; but as, far more accurate methods are now 
used; it is unnecessary to go further into this. 

A' fly-whpcl, T^shich is either a wheel with a heavy 
rim or a pair of weighted arms at right angles to the 
axis which carries tfi^i, ii StUother method j but not so 
good, because it is muchsmore,affected by a change of 
force, * which in clock-work nearly always means k 
change of fnetion in the train. It acts simply by its 
jnoment of inertia, which is constant, and therefore the 

V 
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• * 

velocity cannot be constant if tb^ force varies. In ^ct 
there is theoretically no limit to thg velo.^ty/)f a fly^ ■ 
wheel driven by a weight, «o long as the Vsight oftn go • 
on falling, though pActically a, termiiial velocity ^ 
soon reached, when the n*!btiou and thfe increasing 
resistance of th§ air .balance the force; but of course 
this balance is disturbed, and {fie velq^ity c|tanges, asi 
soon as the force varies. * ,* 

• • • 

Conical Pendulum. A pair of weighted -arms 

attached to a revolving vertical axis by horizontal 
hinges, so that they can fly further out as they ^o, will 
regulate the velocity ipere conipletely*thaif a fly-\>1ieel 
or arms rigidly fixed, but still not completely enough 
to keep it uniform if the forc^ varies much. TEheyjare 
like the ^ governor ’ of a st«am-engii|e in appearance, 
but no further; for the govemoii-arms work a lever 
which opens more •or lcss«f^the throttle-valve of the 
steam-pipe, according as the engine isr going too slow 
or too fast. A single ball on pair of balls hung in this 
way and driven by a clock-train form what is called 
a conical pendulum ^ because each arm describes a cone, 
^and the time of its revolution m^ easily be determined 
as follows, except sb far as it is a’ffected by friction and 
resistance of air:— * • . 

Let I be the length of each arm #nd (ft the angle at 
which it happens to be inclined to the vertical axis, 
which of course depend^* bn tl^ rate of revelution oh 
angular velocity, wh\ch is^sually called co; then the 
• ccptrifiigal force of each ball = w* / Hntf ); an^.as that 
is the force which keeps the. b»lls rfWay from the 
vertical, it must balance the’force which Jdraws them to 
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itj.^'which is ^ tan<f> [g being the usual symbol for the 

^rce of ^gravity, or twice the number of feet which a 

.body^falls ^‘thc first second'pf time, which in this 

latitude is 32*2); therefore <0/ or the angular space 

• • / 9 

mfved oyer by the arms in one second = \ / ; ■■ ■ ■' 

and l^^e time of a" complete revolution through 360° or 

27 r, is — =^^ 27 r\. /If you wish to know what 
CO g 

that means in figures, ybu must express I in feet, as g 
is, and write the numerical value. 3-14159 for tt, and 
take the numerical value of cos<^ from a table of sines 
an^ cosines, anc], the result, aftpr extracting the square 
root and dividing, is the number of seconds in which 
the revolution is performed. We sliall see hereafter 
that it^is just so much less than the time of a common 


vibrating pendulum^ of the same length as \/ cos(f> is 
less than i. And as the cosine varies least when an 
angle is' small, clock 0/ this kind will go better when 
the length of the arms and the weight of the balls are 
such that they make only a small angle with the axis 
when the clock weight is driving them. But again it 
mush be^remembered that these results arc very muclv. 
modified in actual woiting by the resistance of the air, 
which . acts more strongly on the balls as they fly 
farther out, and tlj^xcby tends to regulate the velocity, 
as it does with a fan-fly. 

A clock of this kilv^ is oftpn used to turn the re¬ 
flectors or coloured, lense§^of revolving light-houses, 
and also for the ctill more accurate purpose of driyjng ■ 
large equatorial telescopes, to keep them pointed to a 
star notwithst^ding the devolution of the earth. For 
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the same purpose some ‘kinds o^ water-clocks are idso 
used^ not at all the principle of ^le«ancienV 
v.lepsydroif but on tha^of Barker's millj it is called ;• 
in which two hollow ^ori7<pntal nrma fixed on a ^ 
hollow vertical axis into \mll;h water runs* at tlic top; 
each arm has a, small hole* near its.end, on opposite 
sides, from whicK the water jets h<frizon{ally, and^ 
makes the arms revolve m tha opposite dirwtion. The 
reason why contrivjinccs of tl4is kind h,rc required fer 
telescope-driving is that a clock train regjulated*hy a * 
pendulum and escapement moves by jerks, which the ^ 
earth does not. ^ 

As I understand ifr. Airy's desCriptfon of ^his 
machinery for driving the new equatorial at Green¬ 
wich, tl^^ governor attached,t<7 the w’atpr-cloc*k dpes 
work a throttle valve, like tJiat in a jtesm engine, for 
regulating the flow of water intob the Barker’s nrill. 
He alscf mentions •a 'spade', attached to thg conical 
pendulum, I supposd*, by a lever on th« opposite side of 
tlie axis, which dips into a trough of water when the 
pendulum swings out tgo far or goes too fast. I Ifl^ve 
no means of judging from experience whether‘these 
^contrivances arc better or worsp than that^o^ Mbssrs. 
Wagner of Paris, described under fig. 37 hereafter. It 
is certainly a neater one than any o^ these ,* but as it 
was seen at work here in the 1^151 ^Exhibition, I 
presume it has not been rejected for the water and, 
conical pendulum apparatus witjl^ut full consideration.'* 
The best way of drivingf a conical pendulum in a 
clock seems to be that shown in th^ next pagq. The 
pendulum may be hung bjr a thin •piece of wire, as it 

has no disposition to twist: for it would require a 

• r • 
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gC/jater forc^^to make it tviiston 

.^its owii axis besides revolving. 

^ G / r ^ 6 f 

» Another itay which has fb©ei\ 
,jidopted at Greenwich is to hang 
it by,^ kind of universal' joint 
made with springs instead of 
pivots, pJrobahly because a wire 
strong enough for a 15 , lbs. pen¬ 
dulum would be too stiff as a 
spring. The motion is kept u]) 
by a light arm sticking out from 
a vdl’tical axis driven by the 
cloek-train and turning in 2 sec. 
(if it is, a common one-§econd 
pendiiiifm), and acting on a tail 
or spike from the bottom of the 
pendulum. There is generally 
some friction apparatus besides, 
which can be piade to act more 
or less strongly on some wheel in 
the train, either by the observer 
as he finds the clock driving too 
fast ®r too slow, or by automatic 
apparatus .as in Mr. 'kiry's clock 
at Greenwich for driving the 
chropographic cjsjindcr covered 
with paper for recording observa¬ 
tions. 

It is perhaps worth mentioning 
that any point >» in a wheel re¬ 
volving unifoimly has always the 
same velocit-f in a horissontal 
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direction as some point in a pendulum ^hich malices 
a double vibration in the same time, as t!^e Tgheel re-^ 
volves; and therefore; theoretically, a cofts^nt motion • 
of a clock-train miglit be got ]>y qpimecting som^ 
point in a'l sec.-penduluA ^ith a pin m*asm«Jl disc 
revolving in 2 seconds, by a«rod so long as to be prac¬ 
tically horizontal. *• But it wouU^robal|^y be 1 mp*racti- 
cable to keep the force *cons{ant enough lo give* just 
proper impulse to the pendulum; and if too much was 
given, there would be a jerk at the end of every beat, 
and if too little, the pendulum and the clock would 
stop. 

BALANCE-\\*IIEEI* ESCAPEMENTS. 

Before we go into the theory of pendulums we %ho)^ld 
notice the one other mode of regulating the motion of 
a clock-train, which existed tong, before pendulums 
were applied. The* earliest escapement of which there 
is any known description is that which^e Vicif's clock 
had, and which is called the tcrown-wheel escapement. 
The object of that, as of all the later escapements, was 
to let a tooth of the quickest wheel in the train escape 
^ast some stops called pallets at every vibrati(p of the 
balance, and that Wheel is theiftse called the scape- 
wheel, and a crown-wheel from its shSpe. The pallets 
A, B, in fig. 5, are pieces of steel fixed|^ the axis or^irbor 
of the balance C in planes at ^ight angles to each other, , 
one of them set so as tip he p^jlfhed one way by the • 
front teeth of the wheel, ai^ the 9ther the^ other way 
• by ^the back teeth. As one tooth •escapes j^ast its 
pallet, the other pallet is in a position receive and 
stop the opposite tooth. Bui as the ba]^nce has then 
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acqslired a swing in t]ie direction in which it has been 

pushed Jby ,^he escaping toothy it ,^oes not stop imme- 

• diately, but Mngs a little ^larther and so drives the 

wheel back again 

a little,* producing 

what is called the 
« _ 

‘recoil. This is just 
the same as the old 
* vertical' watch 
escapement, which 
remained in use 
until a few years 
ago, with this im¬ 
portant exception, 
that the time of 
vibration of a 
watch balance is 
• regulated by a thin 
spiral spring fixed 
to it and to the 
frame, whereas this 
had none, and so 
its regulating 
power over the 
train depended 
solely on its mo¬ 
ment of inertia, 

'' and on its swingxngN^arth^r ^for any increase of force, 
which by ]^o means «makcs\t isochronous. 

ThCjiame thidg is still to be found in bottle-jacks; * 
the piece of meat tX) be roasted forms the balance, and 
tlip noise at each change of *^its motion is the ' ticking ^ 
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of the escapement. It is true tl^ meat makes seveval 
turns for one tick, wjyle De Vickis balanceVu^e only < 
half a turn, but that ‘is bfecause there ik wheel on 
the pallet arbor in the jkck, jj^orke^ by*junion Dn the* 
meat arbor, as in the rack-l^fir watch escapement; but 
otherwise the bottle-j^ck escapement ^is precisely the 
• same as in De Vick’s clock, in wfiich t||e axif of the 
balance was vertical, and not h(>rizontal as ii» fig. 5. 

PENDULUMS. • 

Pendulums, like many other things, may have iTOCh 
invented several times oyer in different ages, t>r even«in 
the same. In an old edition of the EncyloptBdia 
Britamica it is said that 'the aimient astrono&^rs of 
'tihe east employed pendulums in measuring the*times 
of their observations, patiently counting their vibrations 
' during the phases of an eclipse, or the transit of the 
' stars, and renewing them by a little pu|h of the finger 
'when they languished; and •Gassendi, Eiccioli, *and 
' others, in more recent times followed their example.^ 
If so, it is plain that this knowledge had itself 
uMiguished and died, before the making of w^t thas* 
long been called Gdileo’s discovety in the ^urch at 
Florence, that a chandelier, and t&r^ore any other 
pendulum, vibrated different arcs iz^tiie same time, 
provided they were i^one of |hem large ones. When 
we consider the vast numbji* of ^ndulums of •various 
kinds that there are, swinging abput the world, it 
Certajnly.is difficult to imagine that nobody ever^made 
that observation before the .i^th ceniury/ -The appli¬ 
cation of it to the regulating of clocks* however is 
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aidiffercnt tbing, as ^that required invention as well as 
observj^tio^ Tq be sure, all th|ij: was needed was to 
omH one ofHbe weights in* Dc .Vick's balancCi and set 
.it in a verticak instpad of a horizontal plane, and it is 
strange enough that this llight but valuable alteration 
should have waited tbiec centuries to be made. It 
wouM then q3sume*'this form, wlficli is evidently the 
same as th? other in all but the position of the parts 
.^nd the omission of one arm and weight of the balance. 
The bent end of the arm (called the fork) is snbsti- 
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tuted for a weight ia this drawing^ because it was after¬ 
wards found better tq Jiang the pendulum ind^pcgidentl^;.* 
and connect it with that* arm, called thc^ crutoht by • 

• means of the fork. Blit have seen* small decks o£ ^ 
the last century, and even^sbme modern 1^'rench ones, 
with the crutch itself ^ade into a pendulum by merely 
putting a ball at the end of it. * ‘ 

There seems no doubb’however, that the^first person 
who investigated and establiihed thd mathematicftL 
theory and properties of the pendulum was Huygens, 
the Dutch philosopher, in the 17th century; but it 
seems equally certain that the first pendulum cloc^was 
made for St. Paul’s Church in Covent (jarden, •by 
Harris, a London clock-maker, in 1621, though the 
credit of the invention was cl[pimed also Jby ftuygejis . 
himself, and by Galileo’s son, and AJicenna, and the 
celebrated Dr. Hooke, the undoubted inventor nif 
the balance spring f>f watclfcs,^and the discovei;pr of its 
theory. • • 

The main point of Huygenses discovery seems at first 
sight a long way off ahy^ connection with what we now 
understand by a pendulum, viz., a weight or bob at the 
rfj^ottom of a long rod, which is ^ung by a string ^)r a 
thin spring at the fop, and the bbb therefore swinging 
in a circular arc, or something very near it.* For he 
proved that the curve in which a bohpimng by a string 
of insensible weight must mpve in order to be isochro¬ 
nous in its vibrations, is.^(ft a pilcle, but a C3«cloid, or 
the curve traced out by a lioint in»the rim pf a circle 
^rolling upon a straight line, e. a nail in the tbje of a 
carriage-wheel rolling on a smoolh n&d, or P in 
the circle D E P rolling oh 'B G C in fig. 7; and ]^e 
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4 

shewed howoa cert^u other property of the cycloid 
.might qe m^de use of to enablq.a pendulum bob to 
«deficmbe a<> ^cloidal instead of a circular arc. It 
is not tirorth yrhile to fill theses pages with demonstra¬ 
tions erhich'may be found tUdl any mathematical treatise 
on mechanics, especially as I must assume the reader 
- to hate spme qf the knowledge whidi is only to be got 
from such <i)ooks, in order to* understand the demon- 
nations if I gave them- Therefore we may as well 
begin at this pointy that a body moving by gravity in 
a cycloid (with the curve downwards, as B P F C in 
fig.'ll does describe both large and small arcs in the 

m 7 . 

A 


• A, 



same time; the reason of^ which is that the force may 
be proved to be alti%f s in»ppoportion to the distance 
along the curve from its barest ^oint, F. 

But^how is a*pendulum bob, hung by a string or* 
wire ^dm a flj^ed point, to be persuaded to describe a 
cycloid ? It >0 happens *thlit if a cycloid B F C is cut 
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in two^ and one half B F remov^ as a solid withta 
convex edge to A C (making A G=F Gt=D ]^, ^nd the 
other half to AB, the vnd of a string fixed 

at A, and moving between those /cycdoidal cheeks^ 
will redescribe the old cycldld?BFC. Tfiis'is mathe¬ 
matically expressed by saying that the involute of a 
jcycloid is another equal cycloid, a 5 d the|Bfore klsrf the 
evolute is; the evolute beiftg tlje cheeks, and the invo¬ 
lute the curve described from tljem: th^ proof of thia-» 
belongs of course to geometry, not mechanics, and is 
of no consequence to us at present. Huygens there¬ 
fore proposed to hang clock pendulums by a strin^TIff 
a thin spring between qycloidal cheeks,* and* that wfts 
for some time thought a very superior method of 
making clocks. 1 have no doubt* there are some stijjl 
in existence, as I have seen them mysclft • 

But after a time it was found that clocks went 
rather worse with these cheek* than without them : and 
then it occurred to sontebody that the cycloidal theory 
is only true for what is called ki mathematics a simple 
pendulum, or one in which not only the bob, but the 
centre of the bob, is alone supposed to have any weight;. 

of course there is no such th^ng possible, ^r the 
rod must have some thickness, or if is not stiff enough 
to work, or to be driven by the clock, and* if. you 
make the bob very heavy, with the ymm of rendering 
the weight of the rod insignificant, then the bob 
itself must be large, and •^differsi-Considerably •in its 
mechanical effect from a single imaginary heavy point 
at itfi^ centre. And besides that, the s^Kring or gtring 
cannot be made to act against the^ chqSks without 

friction and other disturbing causes; * all which 

® ■ 
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things are ^aid to hpve been proved to produce greater 
deviatjon^ from isochronism than^ a variation of several 
deg2:ees ij^ 'bhe arc. Indeed /we shall see hereafter 
. that the comn^n clock escapoments tend to produce an 
errof of their own, which the deviation from cycloidal 
vibration (commonly called the circular erw) is actually 

r* ^ ^ 

useful in counteracting. 

Kevertbeless, the cyploidal theory is valuable to this 
^^xtent: it shows why a common pendulum is very 
nearly isochronous for different small arcs; lor the 
string A P will evidently describe very nearly the 
same curve near the bottom F, whether the ilheeks are 
there or hot: in other words, a bob vibrating in a small 
circular arc is almost identical with one in a cycloidal 
(uc described by a string of the same length. The 
acturl time of a circular vibration cannot be calcu¬ 
lated without the aid of the higher branches of the 
integral calculus, and even then it can only be exhi¬ 
bited in the /orm of a rather awkward series, which 
would be little better than useless, except for small arcs; 
and for them it is quite sufficient to take only the two 
first terms of it. The whole calculation may be found 
« iVL ' Pn'^U's Mechanics, or in the 8tli .edition of tir 
Encyclo]^cedia Bruannica, under article Pendulum. 
The.first term‘is simply the expression for a cycloidal 


vibration, 





the letters of which I have 


already explained set p. 50,jfor the conical pendulum, 
whose time of vibration j^ou now see is less than that 
of plane pendulum of the same length in the 
proportion qf v^osiiie of the angle which the conical 
one makes with the vertical axis. 
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Circular error. The next tfrm in •the seriefti 
'(omitting all the latQn; ones which ace still s^ialler) 

I constitutes the circular-errOT or the excess ofithe 
"time of vibration in a tlircular aro ovarHhat ift the' 
cycloidal one belonging to life same lengtli of j^en- 
dulura; and it is accurate enoi^h fpr all practical 

* a* ^ 1 * ** 

purposes to say that K = is "Jb 0 ^ ana therefore ifor 

a whole day, K = 5400 a“ in leconds, "whatever the. 
length of the pendulum is; the amount of which you 
may easily calculate from the fact that if a = 2", as 
usual in Clocks, its. numerical value is *035, and thCrS^ 
fore K = about 6 second^.* But this is nibre than whA 
is called the circular error in a clock pendulum; for we 
need not care what is the differ^nee betweep the tim<i 
of a cycloidal arc and the actual circulaij arc which the 
pendulum describes, but only between such two small* 
circular arcs, a and as the pendulum is likgly to 
describe in difi'ereiit stJitcs of the clock. This quantity, 
which we may call A K, is only 5400 (a" ai ); and 
if we assume Ihc larger of the two arcs to be as muck 
as 2^° and the smaller 2°, the circular error between 
will be rather less than 4 sccqpds a day. ^ Thi^ is 
a very large variation of arc for a tolerably good 
clock, and when it is as small as it generally* is,* the 
circular error may be expressed by di^ei^tiating the 
expression 5400 a^, and w^e^npiy sty (so long as both 
the arc and its variations -piti small, remember^ that 
A K = 10800 a da {da b^ing the variatiou of tjie arc). 
Thus if a = 2° and da = 10', A K will Be very i^rly 
1 second: i.e, the clock will lose a tfbcoi^ a day for 
such an increase of the arc, independently eff any other. 
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dlffect^ either by way of increase or conuteraction of the 
circulsr orror, which may be produced by the escape¬ 
ment at the same time. * • 

FdV the •Common purpose ^ finding the length of'a* 
pendulum to beat seconds^ or any other required time, 
we,^nced not trouljje oifrselves* with anything beyond 

* * t ^ I * • 

the cqualjon t = in* which t is the number or 

•fraction of seconds, and I is expressed in feet, because g 
mdans 32*;2 feet (in this latitude), and tt is 6‘283 or the 
numerical value of i8o®. Therefore in order that t 
may be^i second, you will easily find by a little 
^Iculation that I must lip 35*1393 inches; and having 
got that fixed in your mind, you may find the length of 
pendulum*for any bther time of vibration very easil}’' 
by nSultiplyin^ 39*^4 irffehcs by the square of the ratio 
*of the intended time ‘to i second. But to save trouble 
I wili put down a few oY the ledgths most likely to be 
wapted. • • 


SECONDS. 

FT. 

IN. 

SECONDS, 

INCHES. 

2^ 

. 20 

4-i 

' ^ It • • 

• 39'H 

2 

• 13 

oi 

^ . . . 

. 22 

% • 

• 7 

4 

1 . . . 

• i7i 

a • 

4 

H 

1 

1 S ** • * 

• 9f 


Thes^ seconds, a‘.xd the second used as the unit of 
time in all. ml^E^ematical formulae, are seconds of mean 
time; and as a si^real«d£^ is shorter than a mean one 
in thd ratio of ‘99727 to a sidereal pendulum must 
be shorter than ^mean one in the square of that ratio, 
whioh makes the sidereal pendulum at Greenwich 
38*87 inches. A has l^jcen suggested that a mean clock 
•inay be made to show sidereal time on another dial 
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with only an error of a second ifi 4 years, by thfe 
following means:—put, a wheel of 24*7 teeth gn the 
centre-wheel arbor of the dock (which ^ways tisns 
in an hour), and let it Iclrive a wheel 0^331 oh an 
arbor which also carries one of 43; and if that dnves 
one of 32, it will turn in a sidereal ^our; that is, if t^e 
mean clock itself gohs right. But you tan have* no 
sidereal seconds hand with it, at*least none pdnting to 
them exactly, as the hand can cmly move with every* 
beat of the pendulum, which does not be£^ sidereal 
seconds; and the suggestion is on the whole more 
ingenious than useful; for the reducing of one time to 
the other ‘is done quite isfs readily and *more exactly 
from an annual table kept for the purpose. 

Centre of oscillation. It mnst be remembered* 
that these are only the theoretical lengths of s^ple 
pendulums^ with all the weight conoentrated in the* 
centre of the bob, anfl that this, theoretical length by 
no means coincides with the actual length down ,to 
the centre of gravity of the pdhdulum, but is always 
longer. This length may properly be called the radiuf 
of oscillation, as the lower end of it is always called the 
is&s^tre of oscillation; which is hot ^ fixed point ^ the 
body, like the centre of gravity, buj: a relative one, 
every axis of suspension having a radius and cdhtre of 
oscillation of its own. It is not al#^s, a simple 
process to calculate this lengfh,(whiq/i we may as well 
called 1 ) for any given pendvldm, jis it requires either 
the integral calculus or some rules dedttced &omit; but 
it*will*be easy to explain the nature anS meaning of 
the quantities on which it depends. Lei; m be the mass 
of each particle of the pendulum, which in these , 
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Calculations must ^uot be confounded with the weight, 
whicl^ ii^ written mff {ff being.Jhe force of gravity), r 
the dist(mt:e of m from the atis of suspension, and M 
the 'mass o? the whole j)endwlum; then the radius of 
osoillatioh = the sum each particle multiplied into 
the square of its distanee from, the axis, divided by the 
sum of eacliTparticfe multiplied into its distance simplj; 


that is to say, I 


^mr 


(2 being used to indicate this 


kind of summation, which can only be performed by 
integration except in very simple cases). 

**^The numerator in this fraction is called the moment 
inertia of‘ the body with ^reference to that axis of 
suspension. Of course there is some quantity F which 

2 W 7^ ,1. 

• = ,* an^ k is then called the radius of gyration 

• for that axis, sjnd MF is obviously the moment of 
inertia again; In like* manner some quantity h = 

2 'jf f 

and* 4 IS then the distance of the centre of gravity 

'of the whole pendulum (not of the bob, remember,) 
from the same axis, which is easy enough to find in 
bodies of the shape commonly used for pendulums. J^t 
appears then, that'the eifective length Z of a pendulum 

‘ A"' ' 

always = and it is only when the rod is very 

thin and the bob itself small but heavy, that k and h 
can be assumed to be even approximately identical, and 
therefore both =1? I, as they are in a simple pendulum. 
But. it does' conveniently happen that the centre^-of 
oscillatioii ,in 61 ock pendulums of the usual forms is 
generally *near the centre of gravity of the bob, and 
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sometimes exactly coincides with ^t, as we shall see 
presently. „ . *. # 

This quantity M/c’ the moment of ineftii^ always 
Spears in mathematical^ for^iulsB as the^resistcr of 
forces of rotation or YibratiofiL*on an axis^ and o^ all 
disturbances of such forces a^er thej have once set the 
body in motion, and'therefore we see at 0|^ce w% long 
and heavy pendulums are better for clocks ftian short 
ones. There are a few otheii simple* propositions 
relating to the centre of oscillation, and the theory of 
pendulums, which it will be appropriate to notice here. 

Draw a pendulum of any shape you like, supposed’'fir 
be vibrating in the plane of the papef, and call ittT 
centre of suspension S, and its centre of gravity G, 
and the distance between then^ k* All bpdies havq 
this property, that their momcmt of in^tia roundt any 
axis through G (which we call M/cj*) ie less than round 
any other axis parallel^to that,*anjl we are not concerned 
with any but parallel «xes; and furthes, if the other 
axis is distant h from the centre of gravity, the /c* roilnd 
that new axis = -1^ Therefore if 0 , somewhere 

below G, is the centre of oscillation corresponding to . 



/or S 0 = 


ki + h 


3 

•1 


and /- A, G O = ^^. or the 


centres of suspension and of oscillation are reciprocal. 
In fact, if the pendulum is wide enough,«you may draw 
two circles round G with radii^G S and G O, and if you 
stick an axis through the jj^eiidulum, at right angles to 
the same plane of vibration, anywhere in either of 
fho 3 e» two circles, it will vibrate in thef same tiqie as 
on the original S. Consequently, if^yon*construct a 
pendulum (symmetrical on bdth*sides of its i$iiddle plane 
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if Tibratio^i to prevent it swinging with a twist) with 
one fixed axis,S, and anothei;,adjustable one for O, 
an^ a iqoT^able weight t<y adjust the time by, you can 
maki it vibraj^e in the sam9 time on both axes; ami 
by adjusting the movea^)Ie weight also, the pendulum 
can be made to agree with the vibrations of a clock 
peitdulam w^ich ife beating seccftids; and then the 
distance ^between S ajid 0 , or the two knife edges 
. which represent them, being measured, we shall know 
that that is precisely the length of the imaginarj’’ 
simple pendulum which would vibrate in the same time. 
“"Tt^has also been proved that if round axes are used 
Soistead df knife edges, the distance between them (not 
their centres) equally represents the radius of oscilla¬ 
tion. ' 

O M *J 

If,.all the standard yard measures in the kingdom 
should ever be lost, they could only be restored by this 
process, according to an ^t of Parliament, 5 Geo. IV. 

. “26 

c. ,74, which declares that a yard is— -of the 

39'*393 

length of the pendulum which vibrates mean seconds 
in London at the level of the sea, in a vacuum. As 
, thoi fosce of gravity decreases towards the equator, at'' 
English pendulum trould lose 2^'‘seconds a day there. 
The following simplo, rule for the length of the seconds 
pendulum in^eny latitude has been deduced from 
observation, near enough for all practical purposes: 

I = [iff- *0027 cos 2 lat.)*’39t’ii56 inches; that number 
of inches being the-length of the pendulum at lat. 45^ 
You observe that when the latitude is more, than 45**, 
cos 2 lat. becomes —, and so I exceeds its length at 45°, 
as of courseTit ought to dor 
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The length of the seconds pendulum in norther^ 
latitudes is so near that of the French metre^ of 39*371 
English inches, that thef .are apt to be confou’id^d/ That 
^andard however had no such origin^ but \!!^as invc^ited 
in their revolutionary desire t< 5 *impose ttdi* ^measures 
upon all the earth, on the ground of its being the ten- 
millionth part of a quadrant of the*]tieri*di|n—about 1as 
practical a standard as the •distance of the n^oon from 
Paris. Nevertheless, some persons in England have 
lately started the affectation of writing their measui^es 
in these foreign metres, and their decimals, Instead of 
the old measures, which everj^body who has to use theisss^ 
knows pretty well by sight, and carries in 4 iis eye^^ 
and which could not be altered'without infinitely worse 
interference with the everyday business of life, than the 
lately exploded scheme for alte^idg the .tower divisions' 
of the coinage, wherein nearly everybody agreed that, 
the old standard must.be kept^ There can be no doubt 
too, that the yard originally gre# up as ^the standard 
of length, because of its real convenience, and its fco- 
incidence with several natural measures. It is th^ 
length of a good stride of a man of what is commonly 
considered the most perfect height, and that heightois 
two such lengths, and so is the stretdh of his aws, and 
a yard is the natural length of his walking stick. The 
metre is properly the yard of a nation pj giants. All 
this, observe, has nothing to do with the use of decimals 
of a yard wherever people ^(}*it coAvenient; foy they 
can do that just as easily with a y*ar(^ of 36 inches as 
with one of 39*37. * • * 

Shape of pendulums. It is convenient to know 
'that the k* of an uniform rod^with reference to an axis 
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across middle bf its length = — if the length oi 

th^ rod48«2A; and as the distance of its centre of • 
graw.ty from its end is here/)f course the same h, the 
radjius of oscillation from^he end is ^h, or f the length 

of,the, rod, since I ^wayl = - 1 -^—. If the rod is fixed 

by the side of another^longfer one, with their two lower 
ends connected, as ^he compensation rods of a pen¬ 
dulum are, still the for the short rod = its V + the 


square of’the distance h (not the same h as before) of its 
'•Xqg. from the top of the pendulum; and the same rule 
'ivholds for the* bob, except that its will be different 

according to its shape;'in a cylindrical bob standing 

« 

' vertically, of radius b and height 2d, = — I —. For 

4 " 3 

.any small pieces, of the pendulum, such as collars, nuts, 
&c., it is sufficient to takn their h and h simply as their 
distance froi^ the pendulum top. In a pendulum of 
this construction then,> we now have all the materials 


.for finding the radius of oscillation 1 ; for it will be 
expressed by a fraction, of which the numerator is the 
svm pf the MA:* 's of all the different parts, which 
easily calculated from these data- (the previous integra¬ 
tions fer each 'part according to its shape having been 
performed fqj^you behind tho^^cenef), and the de¬ 
nominator is the sum of all the M 4 ^s, and M in both 
cases, is measured by tfee weight of each piece of the 
pendulum. 

Whatever the shape of a pendulum is in othsr 
respects,' iV is essential that the back and front should 
be alike both in weight and shape; or to speak 
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mathematically,'that it should be symmetrical on each 
side of the middle plane of its vibration, 6r it will 
wobble, and vary its time in some irregular and,in¬ 
calculable way. It doea^ not signify however, if one 
side of the bob is larger thamthe other in the direction 
of vibration; but as that woul^ look ugly and the other 
does not, one never sees the ugly bui?innbcjnt de'Hation, 
Wt frequently the other; for the pendulums c{f comiAon 
clocks are often unsymmetrical in the back and front,, 
and are therefore bad ones, though perhaps as good, as 
the clocks they belong to. Kor this reason the old 
fashioned lens-shaped bob, or the flat cheese shap 5 ^ 
which most of the clocknaakers use foB church pen®** 
dulums, are not good ones, because it requires great 
care to fix them with their own middle plane exactly 
coinciding with the plane of vibration. Even a sj^ere 
is not so good as a longish cylinder of the same weighty 
because it^ must be npich wider, and therefore a slight 
error in making the h<jle for the rod, or ^any looseness 
in the hole, will throw the bob farther out of the 
symmetrical position than in a cylinder. Accordingly 
cylindrical bobs are now‘used in all the best clocks, 
aiyi it is better also to make the tops of turret,cl<jck 
pendulums domical, t« prevent bits«of dirt (orl'matter 
out of its proper place ^) from lod^n^ upon them, 
which would alter the time. 

An iron bob of this shape, 9 inches wide and 15 high, 
weighs 2 cwt. 14 lbs., and a 4(econdf zinc compegsated 
pendulum with such a bob measures,exactly 8 feet to 
t^e bottom of it. A ij"second pendulum witfi. a bob 
13 X *8 inches is 5 feet 9 inches to the bottom 0/ the 
bob; and a regulator pendulum with a ^cylindrical 
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Itad bob (npt domej) 8x2 inches is *43 inches to the 
bottom. *1 think it is a mistake to put these lead bobs 
in Ijrass ^asiis, as they usi;^lly .are, for it increases the 
bulk «and tlie resistance of tj|e air, more than it doe&. 
the,weigh£,’and is of**&o use whatever, and some 
expense. , 

ShOl’t an^ slovi/^'peildulumi •There is a kind of 
pefidulunj which is j)roperly enough used in the 
instrument called a metronome, for counting the time 
in,music lessons in a way that requires no particular 
accuracy, *and occasionally, but very improperly, used 
ifor small clocks. It follows from the propositions I 
4 iave been explaining, that if a pendulum with a rod of 
sensible weight is set vibrating on an axis very little 
abovef its c. g. it will vibrate slowly, like a scalebeam; 
and/jonsequently you'ipay have a 2 seconds pendulum 
,in the compass of a few inches. But even if the weight 
of it were equal to that^tof a If^ge pendulum, its re¬ 
gulating power, or power to resist disturbance, would 
be' very much less, because that is measured by the 
moment of inertia M/®, and therefore increases not 
merely with the length but* the square of the length. 
The time of a metronome pendulum is adjusted byji 
small s]iiding weight on the nod above the axis of 
vibration, the'bo'b being of course below it. Moving 
the weight brings the c. g. of the whole nearer to 
the axis, and also increases the M/® of the whole, and 
so in,both ways nfakes ^0 slower, and vice versd. It 
is kept going by^a rbughly made watch movement and 
a common recoil escapement,* such as I shall describe 
presently h)r clficks. 
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^ All the foregoing propositions about ^he centre of 
oscillation may seem of very»lijttle import*ifoe to those 
who only know that most clock pendulums consist of a 
wire, or a light wooejen rod, and a'bob 6f no gr»at «ize, 
*and that the length required 4 o beat any given time 
can therefore be found nearly enough by the rule that 
4 he time varies asL V length, and then adjusted by tx;jal. 

But there is another condition which has to be satisfied 

* 

by the pendulums of all clocks pretending to accuracy^ 
and with which the centre of oscillation hai» a grea.t 
deal to do, and must be distinguished from the centre 
of gravity. That condition is that the penduluift must 
preserve the same effective leqg1:h or radius of oscilla¬ 
tion, however its real length may be increased by hcaj; 
or shortened by cold^ as it njjU be whatever it is made 
of; and it is evident Jthat the ^lace of the ceiftre of 
oscillation must be known bcjfore we can make tiny 
calculations or contrivances for keeping it in the samp 
place. If I is the effective length of the pendulum and 
the very small increase of it for any given i^crc^ise 
of temperature, and mdt the corresponding iiiprease of 

dl . ^ • 


.. ^ H” dt l-^dl 

time, then 


= I + 


2 '* 


idl 


IS 


so small that it may be neglqpt^d; Qi%dt = and the 


,dl 


daily loss of the clock will be 43200 ~ seconds. The 

• rf/ ^ ** * * 

following values of j for 10° of heat are ^iven in the 
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books for tV.e various materials which can be used for 
pendu^unijs; , 


White deal . . . . 

r » 

•000023 

Flint glass . sV . ; 

•000048 

Steel rod . . ^ . . . 

•000064 

•CJast ijon »*. . * t , 

Ir^ rod . «. •. . . 

•000066 

•00007 

Brass « . . . 

•00010 

Lead . . . . . 

•00016 

Zinc ..... 

•00017 

Mercury (in bulk, not length) 

•0010 


Therefore a common pendulum witli an iron rod will 
, Jose 4320P X '00007 = 3 seconds a day for 10° rise of 
temperature, and if adjusted to go light in winter will 
lose about a minute a week in summer, unless it 
happens to be counteracted by some error of the clock 
in the other -direction. Now assuming for simplicity 
of explanation, that the “Weight of the rod is immaterial, 
it is evident from the above table that if you set a brass 
tube of 6*4 feet on a nut at the bottom of a steel 
« pehdirium rod of ip feet, and fix the bob to the top 0^ 
the tube, it will khep at the sahie height under any 
variatioti of temperature, since the steel rod will let it 
down only just as much as the lllass column raises it. 
But this would be a very inconvenient way of making 
a peirdulum, with a tail below the bob more than 
double the length of the rod above it; and the same 
effect may be '(iroduced by breaking the lengths up, so 
as to get them hll above the bob, taking care that the 
.most expansive metal is 'always placed so as act as a 
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column and the least expansive aft a wiret This w^s 
the old gridiron pend«^um^ invented by Hacrijpn^ the 
carpenter^ who afterwa];^^ became a celebrat(Sd cl«ck- 
'Inaker early in the last cimtui;y. The cdutr|d steSl rod 
has a broad nut screwed t^ the bottom^ from which 
two stiff brass rods rise, onef on,each, side, and they 
•carry a cross head*at their t(m, with ^hole for* the 
central rod to go through, anf from it hang a pair of 
steel rods or wires, with a longet cross head screwed to 
their lower ends, from which rises a second jmir of brass 
columns carrying a still longer cross head from which 
hangs a second pair of steel rods, and they carry the 
bob. The length of thebeentyal rod and the two pairs 

of steel rods together must be in the ratio of to tliat 

of the two pairs of brass rods together^ and it i® easy 
to see that that cannot be done within the length of the 
pendulum* with a le^ numlfbr ^ rods than ninp. In 
fact, if iron was used instead of steel it#would require 
two more pairs. Of course it i% the same thing if tubes 
are used instead of each qr any pair of rods, which was 
the form given to this pendulum by Troughton the. 
optician. , ^ • 

But all these rods together have* a very considerable 
weight of their own, and the assumption that either 
the centre of gravitj'^f the bob, or of the ivhole pendu¬ 
lum, may be taken as near^ identical with the centre 
of oscillation, becomes praepictdly as well as theoretically 
too erroneous to be admitted. The ^rst effeqt is that 
the ^otal length of the visible pendufum has (o be 
increased, because loading the rod of i pendulum above 
the bob accelerates it; and then, when foM have got 
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a near apprdxiraatiol to the proper length of the whole, 
the lengths of the compensation rods or tubes, and 
the‘ bob \tseU have to be calculated so as to keep, not 
the centre^ of gravity, but thd centre of oscillation at 
the ^ame height always. ^ It is stated however, that the 
centre ^of gravity of fthe^ob in«Troughton^s pendulum 
was only ;4 i'hch belo^ the centre of oscillation, the 
bob being*‘of the lens fo^*m. 

I 

Fortunately it is not really necessary, or even ad¬ 
visable, to. calculate the lengths of all the parts of 
a compensated pendulum in this way, which would 
be a very serious operation. It is not advisable, 
T)ecause these tabular rates of expansion cannot always 
be relied on, something depending on the working of 
41 ie metal; and it is not necessary to calculate more 
thau^ first, or at the diost a second approximation, 
because the fiuak adjustments can be easily made by 
trial, .nnd musl; be, for ihe reason just now given. 
Gri]diron pendulums are now quite obsolete, and there¬ 
fore it is unnecessary to* give details of their lengths. 
Some of them may be fonnd in the volume on 
Mechanics by Captain Kater, in Lardner’s Cyclopcedia, 
besidel? some other constructions of pendulums which'1 
do not think it necessary to describe here. 

Zinc 'and Iron. The compensation which is most 
anidogous to the gridiron is the most recent of all, 
made of zinc and iron, which would no doubt have been 
inventSd long ago if the^ eJode of working zinc had 
been known. Y&a. see from the table that if zinc is 
used instead l^rass, the sum of the iron rods must 
be to the zinc as 17 to 7^ or the zinc = *41 of the iron, 
(reckoning of course each pair as one column or rod); 
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which will enable you to do with oily one length of ziftc 
and one length of iroi^rods or tube besides tlv 3 ra’incipal 
rod. And as the zinc doluifln is necessarily o^^e tame 
' length as the rods or tube which hang fro^ it d<A7n to 
the bottom of the bob, we stfall have this equation for 
finding the length z ofi the zme, §nd gf the iron tube 
• also (calling the main rod r from tlie poiot of *su8pen- 
sion to the nut at the bottom)i: ^ = *41 (r r), wliich 
gives r = 7^. * * 

This indeed is not strictly correct, because the bob 
has an expansion of its own, and if it is of iron it is 
the same as if the iron tube was attached to the bob 
at the centre of oscillation, wjiichwe sh 3 ll see^generaliy 
coincides pretty nearly with the centre of the bob ex¬ 
cept when the tubes are very he^vy. But op the wholg^ 
this rule, that the zinc tube should be ^7 x the length 
of the main rod, very nearly agrees with what is found 
by trial td be the right projlbrtipn in pendulum jods of 
various lengths, from*15 feet down to ; except that 
in long pendulums the rods*and tubes are generally 
thicker in proportion th|iu in short ones, and conse¬ 
quently the centre of gravity of the bob (not of the pen» 
dulum, which is always above O, lemember) hail t (9 be* 
farther below the centre of oscillalion O, and z has to 
be’ (71 or 72) X the length of the rod. In the West¬ 
minster pendulum ll^p c. g. of bob is nes^rly 8 inches 
below O, as will be more fully given hereafter; in 
an 88 inch pendulum with h bob 15 inches high and 
9 inches wide the c. g.^is zj inches*below O, ,and only 
*aboiit ^ inch below in a 39 inch pendu^m with p, lead 
bob 8x2 inches, and there the zinc tu!»e is exactly 
7r. I may observe that*the zinc must be drawn 
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( and not cast^ or its expansion 
cannot bellied on^ as the metal 
is to(J soft and porous; and also 
' that;, hokis must be made in the 
outside iron tube to let the air 
(Peaeh the assinc^ or the compensa* 
tion will lag behind the changes 
o& temperature. The rod and 
tubes should not quite touch ciach 
other, or at any rate should fit 
very loosely, so that the friction 
between them may not impede 
theiy frea motion over each other. 
This is managed in large pen- 
‘ f\ulums by two grooved collars C 
and M, one acrewed into the top 
of the iron tube and resting on 
tjie ^inc, as ^ shown in fig. 8, and 



the other t'esting on the nut N 
at the bottom of the main rod 
and carrying the zinc; and there 
should be a pin through a slit 
<0 in the rod to keep that collar M 
from turning with the nut. The 
iron tube has a thick collar'D 
screwed on to it at the bottom, 

^ whiph^fits into a hole in the bob. 
Thi^ k^d of compensation pen¬ 
dulum is,so easily made, and so 
superior to all the others, except' 
the much more costly mercurial 
one^ that it ought to be applied 

/■ 
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to every clock which is expected to^keep good time and 
is exposed to the natural variations of temperatiue. 

Smeaton’s pendulnin. 1 have a clock wi^n an*old 
I second pendtdum by Hc 4 meS; a celebrate^ plocki:Saker 
• of the last century, with the following compensation, 
which was invented by Smerfton^the great enginepr, 
ffhe rod is of glass, 43 inches long + 2 inches of steel 
spring, and on a collar screwed to the bottom^f it rests 
a thin zinc tube 12|^ inches long,^from the top of which 
is hung an iron tube of the same length, by the end 
being merely turned over, and on the bottom of that 
tube turned outwards rests a lead bob also of the same 
length, enclosing the tube^, so, that the pendulum looks 
simply like a glass rod with a lead bob. The c. o. of 
the pendulum is 6 inches from tjie bottom of the bob, 
and therefore the expansion of* 6 inches ^f lead 4-"that 
of the zinc tube upwards, has to bakuice that of the 
glass rod find the irdn tube* downwardf, as you^may 
calculate from the tabl^ that it will very nearly. 

Wood and Lead. If the expansion of wooden rods 
could be depended on, ox if it were not modified by* 
absorption of moisture, or something else which renders 
their action uncertain^ the simplest Df all comp^ntatibn 
pendulums would be a wooden roS.with a Tead bob 
14 inches long. But in spite of all attempts tb make 
tlie rod damp-proof, it appears that every body who has 
tried the experiments careftHJy^has cpme to the conclu¬ 
sion that they are capricious! Itevertheless, they are 
far ^tter than an uncopapensated irdh rod. The rods 
of long church-clock pendulums are generally much 
too thick, and thereby contain a much larger bulk 
of absorbing matter than tlley need. A ieal rod of 
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elliptical^ section f-inch x 2 inches will bear above 2 
tons, therefore there is' no* pretence for making 
thdtn any thicker. 

Mercurial ^e principle of the steel 

andf mercury pendulum, which was invented by George 
Gr^hapi a clockm^ker in 171^, or thereabouts, is just 
the same as 6f the wopd and lead. The common form 
of it is a ^ste^l rod enchng in a stirrup candying a glass 
jar of mercury, which^is generally of 2 inches diameter, 
and then vthe mercury has to be 6 inches high, and its 
centre of gravity or of height is below the centre of 
^oscillation. It must be remembered in calculating the 
height of the mercury, that* it has a lateral expansion 
of its-, own in the square of-the ratio given in the table 
«for the linear, expansion of the glass, or whatever else 
the ^ar may be made of: no metal except iron will 
do, as all the others would be amalgamated with and 
gradually dissolved by the ’’mercury. It ’ may save 
trouble to ahy one who meaifk to make the calcula¬ 
tion to remind him that the expansion is so small that 
^instead of squaring the long line of decimals in the 
table you need only multiply it by 2, and by 3 for 
the c\ibe: thus tjie square of ,the ratio for the 10° 
linear expansion cf iron, (i*000066)* to i, may be taken 

O 

at 1*00013 increase of the capacity of an iron 

cylinder sideways; and this deducted from the abso¬ 
lute or cubical ecepansion of the mercury *001 will 
give flie ratio of its^ rise, ^d that ratio multiplied by 
the height o^ tte c.o. of the pendulum above the 
bottom of *thev mercury ought to = the desefent of 
the c.o. by/eason of the expansion of the steel rod. 

^It is not worth while to go through the calculations, 



MERCUBIAL ^ENDULUjl. ^ 59 

because the thing must be finallf adjusteld J)y expen- 
meut, and one grdat advantage of the •i^rcurial 
pendulum is that it can Ife adjusted so ealuy. *Mr. 
Dent^ who has long usftd only ifon pendulums • 
in his astronomical clocks^ ^nds that, the heiglft of 
mercury required in them is 9-8 inches; and the^wejight 
•about 12 lbs. and the, bottom of the jai^is ,434 inches 
from the top of the pendulum.* The advantftges of the 
iron jar are the greater compattness of its shape, the 
rod being simply screwed into the cap without, the 
clumsy looking apparatus of a stirrup—its portability, 
compared with a glass jar pendulum of the common 
kind—the power of heating the mercu^ in tEe jar so 
as to drive off air bubbles—and the complete qontact 
between the two principal materials of ^the*pendulum^ 
for the rod also plunges dbwn inta the mefcury. 
Nevertheless, no other London clockmaker will use 
these pendulums, so Far as I*liav£ seen, though tiie old 
ones have not one single point of superiority over them, 
except being rather cheaper; which however is of little 
consequence in the price of a good astronominal cloclT, 
Avhich runs from 40/. to 80/.; and in such clocks more 
than the whole cost of the pendulum is ^eherally* 
thrown away in work for which the ^lock is not really 
worth one farthing more as a timekeeper. * 

Several different forms of the glass jar pendulum 
have been proposed for avoid^g thg objections to the 
common form, and the expense qf the iron jar.* Cap¬ 
tain Kater’s, described jin vol. 130 of the Philosophical 
^ramaciions, with his escapement, ^ the. simplest, 
consisting merely of a glass jar with a flange or rim 
round the top, which is hung to a solid iron cap ^. 



6o ^ HflRCUEIA|v PENDULUM. 

I 

a‘screw nitg surroibding the cylinder; the rod goes' 
througk the capt He had a gla^ rod^ but a steel one 
wouid ofe better and cas\er fo make, requiring no 
cementing ihe ^lass, as ail the other plans do, of 

glass jars without a stirrup : in one 
of them, patented by Mr. Loseby, 
the rod ^has, to move through a* 
stufi&ng box at the bottom also. 
Kater’s also makes the top of the 
jar inconveniently large; but that 
miglit be got over by contracting 
tlie jar above the mercury and a 
little below the top, and nialving 
the ring in two pieces. The whole 
woijld then assume this form, of 
which the construction is obvious. 
The short cross piece just above the 
jar. is & handle pinned t& the rod, 
to hold it by when you turn the 
jar to regulate the length of the 
pendulump, and an index comes 
down from it to the divisions on the 
aap. •There should be a small hole 
j{n the cap, with a screw plug, for 
adjusting the quantity of mercury, which will require 
rather less .height than in a stirrup. The only thing 
requiring care in paalring fhis pendulum would be the 
fittiug*of the cap aijd ring to the jar flange, which 
would easily be tflrncd or gro\3Lnd true by setting the 
jar on a ojiuck*!;! a lathe* A piece of greased leathe# 
should be fitted in tight between the jar and the cap. 

1 shall hsf^c another pahial mercurial compensation 
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to notice after the calculations f&r^ pendiTli)^ regula¬ 
tion, which are nece^ry for understanding 4 ^ 
Compound bar compensation. This is one V a 
totally different character,^*and i% ftfui^df^d on the* 
principle of the compensated balance in wathhes. 
W G W is a compound bar 5 f bi^s and iron pr |teel 
brazed together with the. brags side dcfwnjrards. ^ As 
brass expands more than iA>n, the ]par*will bend 
upwards as it gets warmer ^nd carry the weights 



W W with it, and thev may be m aujusted both by 
magnitude and position **bs to. raise the centre of 
osc^tion as much as the elongation o| the pendulum 
rod 4 ets it down. 1 cannot give aij}^ details df the 
proportions, as this plan does not appear tip have been 
used in England except in ^periments, aAd Mr. D^t. 
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tells me it was fou^d inferior to the other methods^ 
over wtich J. dd not see that it has any advantage 
excdpt the facility of adjustment. It is said in Kater’s 
*• treatise to^^xav^ answered iif Prance, but the French 
seem tp prefer complicated compensations to simple 
one^. ^ Jt might ho;^ever be used to complete the ad- 
justpient qf Another compensation left imperfect for 
that purpose,, in which*'case the weights would only 
need to be very small. ' 

HomogeneouB compensation. Ail the compensa¬ 
tions I have yet mentioned require the use of at least 
two sub^ances^of different expansibility; but there is 
one which does not; and though it is practically of 
little or no value, in any form in which it has yet been 
*-^ade or soggosted, It*'is worth while to describe the 
principle of'it.* If the pendulum spring is drawn up 
through a close riit in the cock, as much as the pen- 
(lulumr lengthens by «heat, its effective length will 
remain the sahie; and this maty be done by various 
Arrangements, of which the simplest is hanging the 
spring to another cock above the slit one, set on the 
lop^ of a stiff bar long enough to expand upwards as 
‘ much as the pendul)Eim rod expands downwards. This 
bar may be either»of the same or of a different metal 
from* the pendulum rod, and its length will of course 
depbnd on its material; or the slit cock may be on one 
end of a lever, of which ih« other is pulled down by a 
wire of the same length and metal as the pendulum rod. 
But there is arsenous objection to this plan in every 
formH if ihq sli^is loose enough to let the spring «lide' 
up and down through it, it is too loose for the proper 
.action of thb pendulum, which we shall see hereafter 
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' absolutely requires a firm fixing 0/ the point^f suspen¬ 
sion. Nearly all t&b French turret cjpc^ in the 
Exhibition of 1851 which liad any compensation* had 
this in some form or othbr. ^ I thinlt tlfeus^v^fts not one' 
with a zinc compensation pendulum. * 

Ellicott’s pendulum, l^eref Js another had.one 
* which is still used in small Ijjrench clocks, though it 
has long ago been abandoned^in Englaqd where it was 
invented, by EUicott a clockmaker in the last century. 
A C the main rod is of iron or steel, and it has a pair 
of levers set on a cross pin at 
the bottom, of which only one 
B C D is shown here: at A*there 
is a strong collar fixed to the 
rod, and between that collar« 
and the short arm of each lever 

stands a stiff brass rod. The 

• . * * 

bob hangs by two pins, of which • 

D IS one, on the lon^ arms of 
the levers; and it is evident 
that by a proper adjustment 
of the levers the bob may be 
made to rise under (he expan¬ 
sion of the brass rods just as 
much as the expansion of the 
iron rod lets down C, the axis 
of the levers. But this aoti»n 
involves dfcsiderable fnttion 
^at P, and the pressure on the 
ends of the brass rods must very ifTuch exceed the 
weight of the pendulum, an^ it is said to mpve by jerks, 
and is altogether inferior ^ven to the did gridirqp,- 
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and mucl^ more^ to \he zinc or mercurial pendulum^ 
besides mtich more difficult to make properly. 

1 suppose tbey are only made because they have a 
*kmd of BcjenSbific look t^^igflQrant people, in clocks 
madi to show and to sell. 

• t HEGULATIOJ OF* PENDULUMS. 

After a pendulum is made as nearly as possible of 
the proper length, it is necessary to have some means of 
adjusting it, so as to swing exactly in the proper time, and 
the adjustment^itself may require altering from time to 
time according to changes in- the state of the clock. 
This is^done very simply by a nut at the bottom of the 
«3»d, or the*prii^cipal'fod if there are several, by which 
of codrse you can raise 0^ lower the bob, with the com¬ 
pensation rods if there are any. In the better class of 
pendulums the nut isomade with a large graduated 
head and an intlex over it to mar-k how much you turn 
it; and if you know what alteration of time is due to 
one turn of the nut, you can subdivide it as you want. 
If the length of the whole rod is called I and one turn 
*of the Mrew dl (beii^ very small in proportion to I), it 

will jaltec tlie time* 43200 ^ seconds a day, the calcula¬ 
tion* being exactly the same as that at page 51, for the 
alteration by tempevitUre^ ^o if the threads are ^ in. 
apart, ^hd the rod 43 inch^ ^ong, one tuTi||a>f the nut 
will just alter tj^e clock a minute a day. 

But this /no^ of occasional regulatiou is incon¬ 
venient, especially for lar^ pendulums. Even small 

it is better not to sto^ and disturb if you can help 
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it; and raising the heavy bob of a farg^ jjendulum 
is an unpleasant opelation and requires soxae ^special 
provision to avoid twisting* either the cj^mpensation 
tubes or rodsj or worse %till, the Springy S>»t the top. 
Accordingly, Mr. Dent used have his turret cldbk- 
pendulums set a little too slofi^ by* the «crew, and t^n 
raised Jfiem up to the prpper time by laying small 
weights on the top of the bo£; and he pift a small 
sliding weight on the rod of his 'regulators' or astro¬ 
nomical clocks. But there is a better plan than either 
of these, which is now used in all the best turret clocks. 
The pendulums , of astronomical clocks are seldom regu¬ 
lated to any great nicetyfbut the rate is tried from 
time to time by observations and registered.^ The 
mode of regulating by small weigjits is this 
There is a certain place in th% rod where the addttion 
of a small weight accelerates the pendulum more than 
anywhere else, and it*may be prgved by*the the<vy of 
mascima and minima (which involves tbe differential 
calculus) that that place is the middle qf the length I 
the radius of oscillation. *And further, any moving of^ 
the weight a little way up and down near that maxi- • 
mum point produces no sensible effict on the tim§, afid 
for that reason the sliding weight plan is a Bad one, 
besides involving the stopping of the penduluid. The 
safest way of finding what small weight mpst be laid 
on a collar fixed at or ne^r^the ipiddle of the pen- 
dulunk to aonelerate it b^ii dby given amount,* is to 
put on a weight large pnough to pifeduce some con- 
sldei^Ie error in a day, and try whqlrit^is.by ano¬ 
ther good clock, and then divide it for smaller cor¬ 
rections. The calculation for it is as follows:— 
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Let t the ol(f time, and fj the new, due to the 
additio^of a small weight mg •it the distance d from 
theT top of ^he pendulum* M* representing the mass 
of the whok^pftndCdum as^ushal; then according to the 


r.desgivenatfip.4q,44f 

• tf. • • • 

as / = if you expand the numerator and denomi¬ 
nator of this fraction by the binomial theorem, neglect¬ 
ing terms smaller than you will have t — ti = 

I 

Therlffore i^c? = —, the dsjily acceleration AT will be 
%6^0Qm . _ M 

‘ ~SM" ’ ^ ^eighj; = = an ounce on a pen- 

duliftn of 6 cwt. laid ou*a collar half way down the rod 
will accelerate it^i second a day. If the collar is only 

• * I m * * * 

at the distanejp — from the tojj|, the weight must be 




; and 


M 

*7200 


to do a second a day, or very nearly i grain to a 


• pound (av.), which is 7000 grains. These small weights 
' can easily be put o{l or taken off without disturbing the 
pendulum; and if you have a set of them marked 
I, 2, 4,*according to the number of seconds a day by 
which they will accelerate, you can make any regulation 
of it for a range»of ei^'Oj.s amounting to 8 seconds a 
day ; *for anything beyond that you must«lter the regu¬ 
lating screw tfie bottom. Ij; should be set lose a 
littk without ^y of the small weights, so that*there 
may always be some of them on and therefore some 
• ready to ti^e off if the c]pck gains. 
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There may be cases where it 4 s inore*convenienl 
to regulate the pendhium by laying 4 :he w^i^hts on 
the top of the bob. The prJhciple is just the 8 ame, 4 )nt 
the weights have to be lai^er, and the risk pf disWb- 
ance is greater. In that ca^*the calculation wiU^be, 
supposing h to be the distancefof tf.o; below the top,of 

Iv vv . ’T 1. 

the bob. U = -r--a- : exoamdinsr this 

as before^ and neglecting mh* now as the small quantity, 
we shall have AT the daily acceleration = — 


in seconds. To compare, this practically with tSe other 


plan, suppose A = —, which is as much as it is likely to 


12 


be, then AT = instead of ; or the 

M ^ " 


re¬ 


gulating weights musi' be ju^t tjiree times as la^ge to 
produce the same eifecti on the top of th9 bob as hsdf- 
way up the^rod. 

Mercurial tube compensation. This suggests* 
another possible mode of compensating very long pen- • 
dulums at little more expense thaif short ones. * a 
small piece' were taken off the bottoq^ of the bob and 
put on the fod at half its height, we should be* accele¬ 
rating the pendulum in both ways. And the pendulum 
can be made to do this fon^it^elf, making a cistern 
for mercury in the bottom Of II loi\g cast iron bob^ with 
a thin tube rising from jit and endinf in a bulb half 
way up the rod. The mercury should/yust rpach^the 
bulb in the coldest weath^, and then more of it will be 
squeezed up out of the cistern into the bulb* as it gets 
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warmer. We k'now^that an iron rod pendulum will lose 
three seconds a^daj for lo^ of and also that if a 
weight ill is transferred to the Ifulb from the bottom of 

the bob (^^eing assump} to be — as before), AT will 

^ X 


10800+5^oe); therefore for 3 seconds, m must 
f < 

t I 

•0(?02M neafly; which must be the excess of 


M 

” 4800 

expansion of the bulk of mercury above that of the iron 
cistern itself. This excess for 10° = *0008. Therefore 
if the mercury is about J of the weight of the whole 
bob it '^ill do the compeasatkvi in this way. The pen¬ 
dulum rod should be a tube large enough to inclose the 
^ mercurial, one and .Hs bnlb ; and the cistern should 
have a large sprew-plug' to adjust the quantity of mer¬ 
cury that it will hold. I do not mean to say that this 
plan^would be worth adopting for pendulums of such 
lengths as cap be easily managed with zinc tubes; but 
the difficulty of making them stiff enough increases 
«rapidly with the length and weight of the pendulum: 
, and at any rate the principle of such a possible compen- 
sddoiL is, worth knoving. 


SUSPENSION OF PENDULUM. 

im 

Pendulums for experiments on their own time or on 
the force of gravity {suth^.as the Astronomer EoyaPs 
experiments in tSie Ilarton coal mine in 1854 to calcu¬ 
late the weigli^of the earth), are always suspended on 
knife edges like a scalebeam, because the usual suspen¬ 
sion by a ^spring affects the %me of vibration to some 
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extent, however thin it may be. Sluch* pendulums arc 
not connected uttht ^clocks, but set swiif^ng by 
themselves and compared*with an adjacent c]pck 
pendulum for counting t^pir vibratigns.^ fli’his suspen¬ 
sion will not do for clocks, because the knife ^dges jind • 
the planes which carry them w^ar (jut of shape, however 
they are made; and it is also diificdit to j^eep tfa^ axis 
of motion exactly in the saihe p^ace. \ • 

The late Mr. Vulliamy, under some •strange mis¬ 
apprehension of a passage in a French book abqut 
chronometer springs, took it into his head that heavy 
pendulums ought to be hung on portions of large 
friction wheels, which cq^ainly do involte a very small 
amount of friction, provided the rolling faces are kept 
very clean and well oiled. But t^e expense is so*"great 
and such delicacy of adjustment is requirtid tliat hq was 
only able to do it in two instances, ^ni to propose it 
in his plan for the Westminster clock* Since I de¬ 
scribed it in the first edition of tSis bookJ[ have seen it 
at work in the Post-office clock*(for which he had SdoL, 
and a better could now be made for 150/.), and I bave» 
also seen a great deal more of large clockmaking than 
I had then, and I am convinced th^it it is not qplytfin 
useless but mischievous expense, however plausible it 
may appeal; It was just worth recording a^ a warning 
against reinventing it. 

The penduMms of small French clock^^ire often 
hung by a piece of string; I d^ not know, ^ it is 
certainly not better, and 1 should think not sensibly 
cheaper than a spring, -^hich is used iqjthe American 
clocks, which are the cheapest in the world, and are—or 
rather were until they bdcame intolerably l^d through 
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competitioij, nmchrbetter than ,the great majority of 
the French ornamental clocks; of I believe there 
are^ neas?ly as many in England, standing still as going, 
and not a qtiarter of those that go can be depended on 
to ^ve minutes a week. « 

The best mode pf suspending clock pendulums is 
undottbtedly^by a«thin spring, as shown at p. 56; not 
that the plastic force of th^ spring is of any use, but it 
has the advantage of being perfectly free from friction. 
It, is said in the article on clockmaking in the 
Bmyclopmdia MetropoUtanaj that a spring *003 inch 
thick alfects the vibratioq| of a pendulum of 14 lbs. 
less then any other spring either thicker or thinner. 
If this is so, it must be because a thinner spring is not 
merdiy bent but strained by a pendulum of that weight, 
whiqh would soon bre'alf it in use. But other persons 
who have tried similar experiments say they found a 
different result, and that the thinner the springs are 
(so long as they are riot visibly strained or. 8 €t\ the less 
th6y alter the rate of the pendulum from a free one 
on knife edges: which certainly seems to me more 
probable. It is essential that a pendulum spring 
should be quite uniform in all respects from one edge 
to the tOther, and also that the point of suspension 
should tbe nrm arid steady, which can only be secured 
by the chops which hold it being screwed closely to it 
and firmlf^ fixed also themselves. And yet, with the 
usual^reference of marikind for doing wrong when it 
is quite as easy do right, it is very common to find 
the fixed cho)>8 thin and those of the pendulum tqp 
thic^, which have no strain upon them and need only 
be thick enough to hold the screws. 
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In Qommon clocks^ the cock frfin the pen» 

duliim hangs is to the back plate of 4 he clock 

frame and has naerely*^ slit^ in it, through 'frhich Jthe 
spring bangs by a pin or rivet through its lop, Biit in 
all the better class of clocl^^ either large .or small, 
which have heavy pendulums ibr t^eir size, the spring 
is screwed fast between two brass #r ifon chops*a8»*in 
fig. 8, and there is a large ^pin •through &iem and the 
spring, with shoulders, so that it will just drop tightly 
into Vs in the two sides of the cock. The cock ^ is 
then a much stronger thing than in common .clocks, 
and is screwed to the back^f the case, or the wall, or 
some other fixture, so that ^e * movement' (or-^rain of 
wheels) can be taken away leaving the pendulum 
hanging: sometimes the pin has nuts on the eifds to 
adjust the place of the pendplftm exactly.* The Vs 
are very often made too acute, which ^ust frustrates 
their object of leaving the,pendulum /ree to adjust 
itself so Jhat the top of the spring or the bottom dT the 
chops may be exactly level. A very olftuse angle is 
obviously enough to keep the pendulum in its place, 
and nothing beyond that h required. 

1 have several times had letters complaining t|^t* 
people could not keep their pendulum sprif^gs from 
breaking. As they cannot all have* been bad^ones, 1 
have no doubt the causes were, either the bottom of 
the chops not being level, in which case tiiere is an 
unequal strain on the sprfiq^, whith will make the 
pendulum swing unevenly'at any rgte; or else, and 
giore probably, the edges of the chops bsing left sharp, 
instead of being just rounded ofP wit^a.file, asTthe 
broken springs have looked, as if they were cut. 1 
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think thebest w^y of letting^ the spring into the 
pendultLfii top is to cut a broad aud fill it up 

wiyi the spring and two pieces^ of brass which will just 
fit it and then put two screws through the whole 
together.**You cannotf^it an even slit only just the 
thickness of the spring; unless the spring is much 
tliick^r than it* ought to be. 

A spripg §oes not btfind bnly at one point as a string 
does j and therefore a pendulum bob hung by a spring 
does not move exactly in a circle, but in something 
more like a cycloid described with that radius of 
curvature, as in fig. .7, V® ; and it has often been 
attemp^’ed to«make springs which would render the 
pendulum absolutely isochronous for all such arcs as it 
is likely to swing. Possibly the thing could be done, 
if if was* worth doifig; but both I and some other 
persons who have spent a great deal of time on ex¬ 
periments have come to ;<^^he conplusion that it is not, 
for reasons which will appear when we come to^ consider 
the effect of the escapement oh the time of vibration. 
Indeed. I may say at once, with respect to the only 
escapement I have yet described, and all others on the 
r^oi^ing principle,^- that the circular error, which it is 
the object of these spring contrivances to correct, is 
already nrore thJta. corrected by those e^apements; 
for the^ clocks never lose, but gain, when the arc of 
the pendulum increases; so that the circular error is 
actu£^ly useful foi? countpriicting the escapement error, 
and the clock goes better than it would with a perfect 
cycloidal penMum, or any e^juivalent contrivance., ^ 

It is hardly necessary to say that the whole 6f the 
pendulum ^suspension should be so adjusted that the 
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bend of the sprint may be exactly opposite Jhe pivot 
of the pallet arror, in order that the fork which 
embraces the pendnlum) as described at jjage 36,^Aay 
have as little friction upon it^s possible* JLt^must not 
however be tight, for the reason lust now given, ^iz. 
that no point in the pendulum* desci|2^be» quite a gir^e, 
and the difference is sensible enough gedbrally to sj;op 
the clock if the fork fits the pefldulum ro^ tdb tightly. 
It is equally necessary that the plane of vibration of 
the pendulum should be exactly at right angles to the 
pallet arbor, or else there will be a sliding motion of 
the pendulum backwards fiid forward^ in t^ fork. 
But obvious as these thiifgli arq, they are all constantly 
neglected, especially in large clocks, where the friition 
of all the parts is also the greatest* The^ork indeed is 
seldom left too tight, because t£at mistalSB tells its*own 
story directly ; but by way of making up for it, it is 
very often so loose that you heaifc the shake of it 4 rom 
one side to the other at^very bpat. Thefle ought to.be 
a drop of oil there, as that is just enough (if the fit is 
right) to keep a steady bold without either shake or 
tightness, since oiled surfaces are not really in metallic 
contact. Sometimes ^heavy pendulums are hung by 
two narrow springs instead of one broad and thin one, 
to secure tlie vibration in the proper plane; bulf it is a 
bad plan, because it is difB.cult to get the two spriffgs 
equal in all respects. The spiangs o( ' regulator * pen¬ 
dulums of 14 or 15 lbs. are'generally^about J an inch 
broad and 2 inches long»; I mean clear d the chops of 
course; that of the 6 cwt. pendulum at Westminster is 
3 inches by 5 and -gV ii^ch thyk. , 

There should always be a degree plate, witli a pointer,^ 
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to it on^ttie pendulum wherever it can be most con< 
veniently. seen. * The length of /if on\he plate is always 
*0/ X its distance from the top* of the pendulum; and 
as the only pse of the d^ee plate is to see that the 
peddulum keeps the same arc, or to see how it varies, 
no^vqgry great accu{£cy iS required in the degrees. 

c 

f 

ESCAPBHSNTS. 

'Anchor pallets. The next important invention 
which followed that of pendulums, and that veiy soon, 
was a of,anchor-like pallets moving in the plane 

of the scapewheel, instead of the * vertical escapement ’ 
withpallets set across a crownwheel, which being very 
short required a lon^ owing of the pendulum to let the 
wheel escape.* It is not indeed absolutely necessary 
that crown wheel pallets should be very short, and they 
wouhl go with less friction if they were long and the 
teeth of the Wheel few^; but the recoil would be more 
violent, and they would require more careful adjust¬ 
ment, and as a matter of fact they always were short. 
'.Anchor pallets in^the form in which they were first 
invented, either by Dr. Hooke, ,whom 1 have already 
mentioned^as oneof the claimants of the pendulum, or 
by Clements, a London clockmaker of his 'time, had a 
recoil, no less than the crownwheel pallets, but they 
could be made t^ escape*, at as small an arc as you 
please. Fig. 12 i| a drawing of the recoil escapement, as 
it is always cabled, which is still used in all the common 
dodis in the world, though it has long been 'aban¬ 
doned in ,jb11 that mal^ any pretension to. great 
^curacy. * • 1 
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In this drawing t^e tooth a has just escaped from 
the left pallet A, kuS h has dropped *on to* pallet B; 
the pendulum is therefore moving the left, and jt*will 
not stop immediately but go on *a Jii^le farther 
and so make the 
wheel recoil a little, 
hs you may see 
clearly enough in 
any old-fashioned 
house-clock with a 
seconds hand: as it 
returns, the wheel 
urges the pendu¬ 
lum again to the 
right and so gives 
the impulse which 
is necessary to 
maintain its mo¬ 
tion against the 
resistance of the 
air and the friction 
of the escapement 
itself; and then 
tooth h escapes and 
the tooth below a 
falls on A and the 
same action takes 
place there. You 
pb&^e that 1 have 
drawh the acting faces convex. For some theorefical 
reasons they ought to be concave; but as. veiy often 
happens in cjockwork, the* one practical reason 
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friction p^reponderates the other \lay. Even if they are 
made flat^the teeth always wcar'Aoles in them, though 
the* teeth are of brass and the pallets of steel, made as 
hard as posable, and it is evident that the friction at 
the* recoil is much greater if the pallets are concave 
thnn ,ponvex. Moyeovef it is always found that as the 
pendulum arb decreases fropa any decrease of force in 
the clock* it Jloses, and *mce versd; and concave pallets 
would not diminish this error, but increase it. Some 
cohsiderable persons stuck to this escapement for some 
time after the dead escapement was invented, being 
apparently misled by the fact that variations of force 
produce less variation of the* arc in this than in the 
deads, escapement, because the friction of the recoil 
checks the are.; but it does not follow that the varia- 
tiond* of time rre less: in fact it has been proved both 
by experience and calculation that they are not. 

Harrison’s recoiL* escapement had scarcely any 
friction. It was invented by»r him when he was a 
working carpenter in Lincolnshire. Any one who 
wants to see a description of it will find one in the 
7th edition of the Encyclopoedia Britannica; but I did 
not tliink it worth-while to repeat it in the 8th; nor 
here, as it is a meiie obsolete curiosity, and nobody else 
ever made it to answer, even before better chings were 
invented, Jf such a thing were worth doing, it might 
be done much more siipply by a three-legged scape- 
wheel^ such as I shall describe as one form of the dead 
escapement (aj fig. i6a), but without the horizontal or 
dca;d pallets there, and with the impulse pallets sec 
deeper and^not in the same line, though parallel to the 
pendulum. ^ The impulse, would be given with nearly 
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as little friction as itfis there, and%he recoil would also 
have very little; and^if the force oi^ the sCapewheel 
were made uniform, as it* may be by- a contriv|mce 
which I shaU describe for turret plocklj there ris no 
reason why such an escapeioent should •det go jrery 
well, though the dead pne wotild ^ better. 

* • 

DEAD ESCAP]^BNTS. 

In fig.' 13, as in fig. I2, a tooth of the scapewheel has 
just escaped from pallet A and another has just fallen 
on to pallet B; but the face on which it falls is very 
different, as the shape of Jt^e teeth also is,* but thflt is only 
to give room for clearance, and in both cases it is only... 
the point of the tooth that acts. Jlere you see th^face 
of the pallet is divided into two, and onS part is %n arc 
of a circle of radius C B while the othpr part is miteh the 
same as it was in the recoil* pallets. The conse^ence 
evidently is that ther^ is no recoil here,^and the tooth 
lies daad on the circular fac^ B E (which is therefore 
called the dead face) however far the pendulum maju 
swing, until it returns to B, and then the tooth begins 
to act on the impulse face and givAs the impul^g to^he 
pendulum exactly aA in the other escapement. In the * 
same way^the dead face of the other palletTis part of a 
circle with radius C D. 

• • . * 

This is the dead escapement, which was invented 
early in the last century 1^ (SrahaxiS’, who invented also 
the mercurial pendulum and the horuiental watch escape- 
*met^t; and the great advantage of it i^.that although 
a slight increase of force on the scapewheel increases 
the arc of the pendulum, itf does not senribly increase 



CLOCKS. 


the time, the esiapement is j^roperly made. This 
was first demonstrated mathems^tcally by the present 
Ast^onomlir Royal in the Cambridge Philosophical 
• ’ „, TVansactions in 

•. • Pur. n. * o , ___ 

1827 (Vol. III. 
p. 105), and it 
may be made, 
tolerably clear 
in a general way 





mathematics, as 
follows. If each 
tooth could drop 
exactly on the 
corner dividing 
the dead and 
impulse faces of 
the pallet, as at 
B, it is clear 
that the impulse 
on each pallet 
would begin 
and end when 
the pendulum 
is at. the same 
distance on each 
side of zero*or the vertical. In other words, as much 
of the impulse woifid be *gr^n while the pendulum is 
faUing as while it^ is "rising, and therefore its gravity 
would be incr$|ised on one side and decreased on *thei 
other through equal arcs and during equal times, and 
therefore oif the whole the accelerating force oh the 
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pendulum^ and therefore its timfe o£ Ti||ration, not 
altered. Neither would the fnction on the dead faces, 
if it were constant throughq^t^ and if it actefi thr(pigh 
the same arcs before and after zej;p, affijct the* time 
directly j for while the pend;j3|im is falling *the fiic^on 
acts contrary to grayi^^ and.witlf gravity while it is 
rising after the escape has taken place.' ^s it is idwdys 
resisting the motion of thd peDdulum it tepds to di¬ 
minish the arc; and on the other han^^ the impulse 
always tends tonincrease it; so that here also ther^ is 
counteraction to some extent; but as the friction on 


the pallets does not vary in any definite proportion to 
the force of the train, but sometimes one*way and some¬ 
times the other, no useful relation of this kind can be 
established. All we can say about the arc is th^ it 
increases under an increased# force oif a ^imii^shed 
friction, until the remaining friction pn^he pallets and 
the resist£tfice of the air stops the increase. 

Mr. Bloxam came to the conclusion, in his elaborate 
paper on escapements in i853«in vol. 22 of the Aitro~ 
nomical Society's Transactions^ that so far from the, 
dead friction being a thing to'be disregarded as constant 
and not materially affecting the zCite of the clpckj^as 
Mr. Airy had assumed, it probably affects it more than 
all the oth^r escapement errors together in*an distrpno- 
mical clock with even a moderately good train, and in a 
way which it is‘impossible to calculate on account of 
the different circumstance* idnder ^hich it var^s. It 
is evidently very improbable tha\ the friction can be 
<nade the same while the point of the *tpoth is (as we 
may say) ploughing its way up the pallet during the 
ascent of the pendulum and sliding douji it in the 
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descent. lj[aviug siid this I shajfl not attempt to deal 
any farther with the dead friction, but its existence 
mus^ be Dome in mind as capable of either mitigating 
or inoreasing'the oj;her errors, as the case may be; and 
son^e idea oYthe magniti^'3 of its effect may be formed 
from this, that I ha|re k^own the arc of a new church 
cldbk^f Mr. Yulliafty's increase from 2°-3o' to 3°*3o' in 
the first ygar, from no other*visible cause than the self¬ 
polishing of pallets. 

Now let us apply the same reason^fg to the recoil 
escapement, and we shall find that the result is just the 
opposite from that in the dead. That part of the 
impuls^whieh is within the pqints where the teeth fall 
^ the pallets is the same as in the dead escapement, 
aii?T11erefore may be taken not to affect the time; but 
in thg ascendirfg portion rf)f the recoil the force is acting 
with gravity, and^ so it is in the descending portion. 
Whenever the force of gravity is increased the time of 
u falling or swinging b*ody is diminished; and therefore 
on the whole any increase of the force of the clock in 
^he recoil escapement tends to make the pendulum go 
faster. But the recoil reHsts the pendulum in rising 
as jnuq]i as it impeli it in falling, and by means of the 
friction, ];e8ists it much more; and* as the force through 
the othesjr portion df the arc, corresponding .to the im¬ 
pulse in the dead escap'^ment, tends to increase the arc, 
they may so nearly balance each other that an increase 
of cloc]^ weight ma^ prod(k:e^uo visible alteration in the 
arc at the very semd time that it is, as we may say, 
knocking the j|endulum backwards and forwards moro 
rapidly between the same limits; whereas the dead 
escapement just sends it so^much faster as to make the 
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whole Tibration take Very nearly the sahie me while it 
has to pass through e longer space-^subjpct to the 
following modifications.' • , • 

The first of them is this: tjie teetii oannpt safely be 
made to drop exactly on thefdbrn^ of th^ pallets,•but 
must have a little of the deifd fac'e to. fall upon^ ^d 
therefore the angle or arc gf impulse before zero must 
be rather ]pss than that after «ero, and ^therefore the 
tendency to increase the time preponderates. For the 
same reason theA is necessarily rather more of the dead 
friction in the descent of the pendulum, where it acts 
against gravity, than in the ascent, and so that also 
tends to slowness. The gieater this difference if, or the 
higher up the dead faces the teeth drop, the greater, 
causes of error are; and yet it ^tvery seldom that one 
sees a dead escapement whose* maker appears to •have 
had the least idea of this fact; ford! suppose if they 
had, they \»rould not haake Aem |is if th*ey thoug^,t the 
right thing was for the^ooth to fall as fas over the dead 
face of the pallets as possible, instead of falling as near 
the corner as possible. • 

Another modification is the circular error, which 1 
have already explained, and whic^ acts in.thS sathe 
direction as the one last mentioned, increasing* the time 
with the increase of the force and therefore of l^e arc. 

But there is apother of the opposite kinj; for when 
the whole arc increases, th^ j)orticu;i of the arc and of 
the time during which the im^ulsg or disturbanca of the 
natural time of vibration takes place l| 3 Comes less in 
*pro^rtion to the whole, and that dimaiishgs t}ia in¬ 
crease of time which would otherwise be caused. 

And yet further, we hjt^e hitherto assumed^ that 
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nothing vaKes e'iicepi; the force of/the scapewhcel teeth 
on the pallets, and the frictioik which is due thereto. 
Buti the friction on the pallets may and constantly 
does fary even more thai^ the force of the clock, and 
generally ‘iij just the d^osite direction; for as the 
clock and pallets gdi; dirty together, the force on the 
pairets decreaees, wliich accelerates the time, while the 
friction increases, whichjretards it; and so oj^ the whole 
it is by no means certain which result will preponderate 
in the natural State of the clock, or byiiow much; and 
the only certain way to get a steady rate out of a dead 
escapement clock is to take as much care as possible to 
keep tlft force and the frictioimconstant; which is only 
^ aJ)e done, and can be done in .small clocks .with light 
whe^s, by, verj^ accurate workmanship, higlily finished 
and kard actii^ surfacet, and keeping them clean and 
just sufficiently oiled, and above all a good pendulum, 
prop^ly fixed. * It is ijecesSary for'this also that the two 
pivots of the great wheel should be as nearly equal as 
possible even at the C 08 t*bf making the back one larger 
-than it otherwise need be. I,have frequently observed 
the arc to be sensibly greater at that end of the week 
at%hieh the string fe at the back end of the barrel, and 
therefore* the jweight acting principally on the thin 
pivot. When a pivot has to be used also ft)r winding 
it must be made very much thicker than is required for 
a mere pivot, and J. wondqr that an auxiliary winding 
wheel is not used in yer^ fine dead escapement clocks, 
as it is in large^tuVct clocks, since it would enable the 
friction of thw great wheel pivots to be considerably 
reduced. It could be made to push in and out of gear 
by a lever worked by a pin|in the diid. 
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I may as well meition here that t 'stteady rate^ 
meanSj not necessarily* that the clock*is going right, 
but that it is going uniformity, or regularly gaining^ or 


losing exactly the same numl)er of seconds^a day*br a 
week. The rate is always wfi!lten^4- when the cltfck 
gains, and — when it loses; which you must remember 
is just the opposite of the. ^igns appended to the ex¬ 


pressions for the various erro^i of the time in the 
mathematical formulae; for when t the time of vibration 


of the pendulum increases, is +> and the clock loses 
and the rate is too little or —. 


Something more precise than the above general 
reasoning is of course necessary for actually nteasur- 
ing the different elements of variation of rate. Thi^ir 
what Mr. Airy did, or rather lajd the foundation for 
doing, in the paper I have already referred to; •and 
taking it up at the point where his calculations ended 
and his inferences bd*gan, I‘carried it farther in^two 
papers in the CambridgetIVansactiom in 1^48 and 1852 
(vols. 8, 9]. His calculations are rather too long and 
complicated to insert herc^ and they may be found in 
Pratt*s Mechanics and perhaps some other Cambridge* 
books; so I will take them up at the same *poiht 
here. , # * 

The first "important mathematical result arrived at by 
Mr. Airy was this: If ^ is a disturbing angular foBce 
on a pendulum when it is «a{ the ^ngle B after zero 
(reckoned + when it tends* tb increase 6 ), and*a the 
extreme arc, then the increase of tfei€| of one vibra- 
fion*due to the disturbance, which we will^all, . 

I p ^ B d 6 
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this integi^l bling taken between'the limits through 
which th^ disturbing force acts.•be also found a corre- 
spcmding foipnula for the ihcrease of arc; but that is of 
no use tony^wds ascertaining how much the arc really 
wiH be increased hy tllfe^ continual action of the dis- 

1 * 

turbance, as it is soon liihited by friction and resistance 
of air in a w&y which cannot be calculated. 

Before "Ve^ can make' any use of this value of A we 
must see what 0 is in the particular escapement. In 
order to do this let us call the angle which the impulse 
face of each pallet makes with the dead face d; then, 
since the tooth, taken as a prolonged radius of the 
wheel/ought to be a tangent to the dead face, h will be 
<V£j;2e^the inclination of the tooth to the impulse face at 
the beginning,of the*impulse; and for this purpose we 
may%ssume it ^to continue the same throughout, though 
in fact it increases a little.* Let p be the distance of 
each^pallet from their arbor, and the mOving force 
of the clock-weight as it arrives at the points of the 
scape wheel teeth, M/ the mass’ and length of the pen- 
'*‘dulum (which we may treat^ as its equivalent simple 
one for this calculation); then the equation of motion 
will b5^ - 

9^ , '^pgtanl 

. de'^ i M> ' ‘ 

since 9 te;ids to decrease B after zero where it is 
+, and (j), whichf represepts the< other term in the 

V 

^ « * 

* If K u the motion^^of the ‘wheel on the pallet during each beat, the 
angle*of the tooth ‘nfth the pallet face wilM)e 8 + k + iB + y at the end of 
the ^palse on tla. down pallet, and 8 + ir—i 9 — you the up pallet: ic 
cannot, he more than 5° in a 30-toothed wheel, and + yis never notore 
than 11 °} and re 8 is generally ab^ut So**, the variation is too small to 
affect ^hese calculations materially, r 
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equation, does the (jontrary. And as t&is, term is 
independent of 6 , we have * • 

B do • 

The limits between jrhich ,the Integration is to be 
taken are from 0 = — where the iqppulse iJbgins 
before zero, to + y, some rathw larger anglg where it 
ends after zero; and the result will be * 

Now before going any farther we n\ay see at once 
from this, that if j 3 couldhc made=y, i.e. if the impulse 
could be made to begin just as inuch before as it 
after zero, A would = o, and we "might jsave^ ourselves 
all further trouble, and pronounce the dead escapement 
perfect, or capable of being made perfbct^ so far as the 
impulse is concerned. But it seems inipossible to make 
y—jS much less than and in fact it if seldom made 
so little. And it will not do to say that as 30' only = 
*00085, that ,still leaves A very small, and so the clock 
must go very well; for it must 1^ remembered, first* 
that A only means t]^e difference of time oft a single 
vibration out of the whole number «F in-a day^ and T 
is 86400 for a* seconds pendulum ; and further, that A 
is not after all th^ error of the clock between one day 
and another, but only the difitrence^etween the time 
of a pendulum swinging fteSy, and^one kept*going 
^or in mathematical language disturbed) by a clock 
escapement; and therefore we shall have te go «ne 
*step farther and find the vmation of A ij^self before 
we can know anything abo«t the going of the clock. ^ 


_ Vp tan b 


/ 
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since A qonnot 1)e made = o. T^vt before we do that 
it will be ^onveAient to examine the value of it as it 
stands. • ' 

Let h be 4:he daily fall of the clock weight W^. The 
dro{) of the tooth a| ea6h' beat^ or the space through 
which the moving fprce Yg acts,*>ought to be nearly = 
the thickness'of the pallet ^ p 0+y) tan and this 
X T (the huipber of be£:ts in the day) x Vg -would = 
'Wgh, but for the loss in the friction of the train and 
the slight difference between the actual drop of the 
tooth and its theoretical drop, which is the thickness of 
the pallet. Eoy the present purpose it is of no conse> 
quence'whether W is a little more or less, and therefore 
^"?fs«43iLay neglect this ..difference and consider TPj3 tan h 


"WA • 

= rr— : and therefore the excess of time of the 

^+Y ‘ 

clock pendulum over the free pendulum in the day, or 

** at = Va*“-/3* — Va"—/ 

M/wa" */ 3 +y 


This is by no means a pleasant expression to deal with 
*iii a general way; but it is not difficult to draw the 
necessary conclusions from it, by assuming some par¬ 
ticular values of the different quantities, in accordance 
with what < they usually have in clocks. Although 
the error of the clock is not representeJ by AT, but 
by the variations of it, still if we can make AT very 
small, the variatic^is of it dn the same escapement will 
be smaller stilly, although it might happen, and in 
another kind V of escapement »doc8 happen, that the 
variations are the least when AT is at a maximum. 
But there js no fluctuatipn of that kind here*,; and* 
. befoire goinfe any farther ve may observe at once the 
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M/ is always fixed~in the denominator df the ^pression 
<for the rate of the clock *due to the escapement. More¬ 
over it is a fact that a long anddieavy^endiijum requires 
very little (if any) more forcO ^Afto drive it thaif a 
short and light one; l^e rea^n of ^which is thatj. the 
chief impediment to the motion of the )>endulum is 
the resistance of the air, and the resistanqp t 5 the sur¬ 
face does not increase in anything like the same propor¬ 
tion as the weight, if‘the bob is .of a good shapte. 
Therefore Whin the numerator need not be materially 
increased for a very great increase of ’MJ in the deno¬ 
minator, which is directly •equivalent to a very great 
increase in the accuracy of the clock; and you will 
that the same is true in the other ^capemjentst 

The next point to consider* is the length of “the 
arc of impulse y+/ 3 . As we have already seen that 
y—^ oughf to be made as small as possible, abut 
cannot be made less ^han about 30',*let us tqke 
that difference as fixed, and see whether the whole 
angle of impulse onght to be large or small 

compared with o. For simplicity pi calculation, let 
us try the effect of making o, y, and /3 in tlie* prol^ 
portions of 8, 7, 5, and 8, 5, 3, and .8, 4, keeping 
y—^ constant, you observe. Substituting those valiles 
then in the above formula for AT, you will* find thflt 
it comes out in the proportion# gf 20,*i4, and 13 in the 
three cases respectively. Iip o*theii wwds, it is Ifetter 
not to make y nearly = q, or the impulse to last nearly 
to* the* end of the arc ; and it is satisfaetdi'y 1 k) kn<rw 
that thi^ agrees with the conclusion which old. Mr. Dent 
came to from observation, though it is contr^y to the 
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praeticecof most other clockmakfrs, who seem to prefer 
that sleepy looking kind of eSOapement in which the 
sechnd-hand moves very slowly and the * excursion' of' 
the pendulpm* beyond the impulse is very little. He 
altered the transit C(lock*' ^ Greenwich from a long to a 
skpr^ impulse accordingly with ^ood effect. 

Taking it then as proved* that y the angle of impulse 
after zerd'ought not to^be nearly as large as a, we shall 
be able to simplify the above value of AT by assuming 
y 

that is so small that all higher powers of it than the 

ct 

square may bp omitted. And then (o*—(a®— 
may be expanded by the binomial theorem, and only 
-terms of each expansion need be taken, and the 
equation will .assume the simple form 

^ AT = ( y ~~/^) 

27rM/a* ’ 

f 

Mr. Airy concluded that the smaller y +/3 is, the 
better, as it Appeared in the himerator of his expression 
for AT. The cause of the mistake was that he left the ex¬ 
pression for the force unreduced into the terms involving 
‘ the shape of the pallets, in which we saw that y-f- ^ was 
lying hid, ready to come out in the denominator of the 
fraction; and therefore, as it is also in the numerator, 
it disappears altogether, on the assumption that y is 
nioderately small, as it ought to be; ,and beyond that 
the above expression fon AT gives no information as to 
the proper size of y or the length of the impulse. 

But then Another considei:ation comes in. If you 
juftke the impulse veiy short, the pallet will slip away 
before the tooth has time to catch it; and the shorter 
^ thei. angle' of impulse is rthe more of it is lost by the 
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inertia of the wheel (wLich therefore ougjit t<f be light): 


in fact this is another reason^ besides th^ necessity for 
' Jeaving a little of the dead facft for the tooth J:o fall u^Sn, 
why the angle ^ at which the iijiipulse ireallyjl:|pgins can¬ 
not help being sensibly less tftiSn tl^e angle y at whiCh 
it ends. Therefore also* there Tis no use in making^the 
P8.11et corners sharp, for th^ tooth cannot follow the 
pallet immediately, and it had b jbter slide off A slightly 
rounded corner than drop on to the impulse face with a 
kind of jump off a sharp corner. On the whole the 
result appears to be that the escape had better take 
place at something near i°, and consequently the im¬ 
pulse should not begin dater than 30' before "zerd^ 
assuming a the extreme arc to be 2®, which will, maVc- 


-—- = , and therefore AT ^ 

ITT 720 ^ 


Wh 


Wh 


720 Al/o** 


The value of v^es veigr much according to the 

quality of the clock: in (he best astronomical clocks^it 
may be taken to be as little as to make the pendulum 
swing 2®. As the force wh^ph arrives at the pallets is 
now represented by W, we must treat it as variable 
together with the arc; and so, differentiating .AT, w6 
shall have * ^ * 

rfAT — _ (— - _lifV* 

“ 21600a“V W a )~ Uw. o 

If there was any definite rqj^tion between the ratio 

of increase of the force and ttie^c,*thi8 would* give 

a very easy calculation for the variafioii of rate so 

fat as. the impulse is concerned. But titere.is not, 

as it depends on the state of the different parts of 

the clock. Sometimes it m^ happen that* the p/o- 
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portioiiate*deci^a8e of the arc from increased friction is 
just ^ tliat of tiie force which a^ves at the escapement, 
and then there will be no ^variation in the rate. Some- > 

I ' 

tlmds you may increase ^the dock-weight considerably 
without m&ing njuch* impression on the arc, if the 
pdlets are dirty * generally in an artificial experi¬ 
ment of tha^. sort/ except while the arc is smaller thspi 

2°, ^ is likely to be Ifess than the clock 

will lose, even independently of the circular error which 
tends the same way, ^and which we know would be 
10800 a da if it were not in great measure corrected by 
the ^ndulum spring, thoi^h it is very difficult to say 
much. On the other hand if you clean and oil 
the paUcts alone the is sure to increase, and yet the 
clock will generally gain, because the increase is chiefly 
due to the diminution of the dead friction, which (as I 
explained before) would * diminish the time, indepen¬ 
dently of thfe term —. — bdonging to the effect of 


the impulse, which retards Jess on a long arc than a 
short one. 

* Httlf-4ead Escapement. In order to counteract the 
disposition of dead escapement clocks to gain as the arc 
decreases under ordinaiy circumstances (which, you 
remember, is thp opposite of what happens in the recoil 
escapement), Beii^houd a ^celebrated l^^rench clockmaker 
invented the plan of nixing the dead faces not quite 
dead, but with'a slight recoil, so as to get a sort of 
cqmpropiise between the effect of the two escapements. 
Large clocks, which are subject to great variation of 
tr^ force, me distinctly better when so made than 
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with quite dead pallets! Moreoper the vj^atlons of the 
arc are rathei* checkeclljjy the half-deaa pallets. The 
^^argest variations of arc* I ever saw in a ^o&d doek, 
were in one of Mr. Vulliamy^s^^ who nse 4 to take far- 
ticiilar pains to make his pin-whtel pjpllets qdite dead hy 
cutting them out of a tip*ned cylinder of radius equal 
to^ their distance from the arbor. A\ery slight recoil, 
such as you can hardly see in th^ motion of the wheels 
is enough. But the best authorities are of opinion that 
a purely dead escapement is better in astronomical 
clocks, where the friction and variations of force are 
much less than in turret clocks. 

Loseby’s isochronal spi;^ng. Another plan fear iso- 
chronising the long and short arcs was invented by Mr. 
Loseby a chronometer maker in Lopdon, and e^thibited 
in 1851. A large circular loop very t^in steel we 
is set on a stud from the back of the clock case, say on 
the right side of the penduliAn, so as to *embrace the 
rod nearly half-way down^ just catchmg it^ it swings 
to the left side of the loop. The farther it swings of 
course the more it has to ^stretch the loop, and the 
resistance increases in a high ratio with the degree of 
elongation; and it seems that this can be adjus1;pd so ais 
to isochronise the pendulum in a dead escapement 
under great variations of the force of the tr^, *or of 
the clock-weight. So at least the Astronomer Boyal 
reported after trying some ex^eriment| of that kind on 
two clocks, one with the spripg^and tfie other without 
it. But when this report was sent to lAe ^s chairmau 
of athe^horological jury, it*at once occurred< 4 :o me th^ 
such experiments proved nothing as to the effect of 
such a spring on an astronomjtsal clock in its natu^ 
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state, in the variations of, the pallet friction are 

generally grea^r than those of the train and produce 
th« oppositp effect, as is 'evident from the second term 
of fhe equation at page,89, and then the spring would 
nfake it worse. I foun^l«fchat Mr. Dent had some tables 
of the rates of several blocks cunder different states of 
oil on the'pallets, whic|;^ perfectly agreed with the 
theory, and so did s^me observations of my own on 
church clocks. ' I wrote to this effect to Mr. Airy, who 
then made a different class of experiments, this time by 
artificial variations of ^he pallet friction, and lie issued 
a fresh report in 1853 concluding that' Mr. Loseby's 
inveittion was not perfectly successful.^ I have never 
^eard of it being adopted in any observatory clock, any 
more than half-dead pallets,’ notwithstanding the 
facility with,which it ftan be added. At the same time 
I sec no reason why it should not be applied to any 
clock which is always found, as A matter of fact, to gain 
regularly as the arp falls ofi^ ^d vice versd. 

Construction of dead escapements. There is one 
more point in the theory of dead escapements which 
requires particular attention in the construction of the 
'clock, r You observe that a® appears in the denomi-. 
nator ‘of the expression for the variation of impulse 
rate, *and so it would in that belonging «to the dead 
friction. , That is, the three resisters of disturbance of 
the rate are thf weight- of the pendulum, its length, 
aud«the cube of its arc. * But the arc in any given clock 
in its normal state of friction varies in some irregular 
way with 'ihe force of the train, i.e. the clock-tveig;ht 
and its fall; and an increase of the weight in any 
given ratio may or may not increase the «rc in the cube 
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root of that ratio: bu^i so long as the Arc is s);[iall, its 
increase will most likely be a great deal ny^re than 
ithat; and if so there is a cle&r advantage in increasfhg 
the weight; subject always to •this iifemen{(^ that the 
circular error also increases #ith the arc. 1 had tor 
some time thought that* the diSposit^n af some clqc]»> 
makers^ including old Mr. Dent, to reduce the weight 
as much as possible, and so let down the qrc%s low as 
I® 30' or less, was a mistake for this reason; and I 
found lately that the present Mr. Dent had also beefti 
arriving at the same conclusion, and had increased the 
arc and the weight of some of his clocks w^ith a sensible 
improvement of their rate.* It seems that 2° is on the 
whole the best arc for a i sec. dead escapement pen¬ 
dulum : and large clocks seem to ie better with even a 
larger arc, up to about 2° 30'. Moreover*the variafton 
of the force itself is likely to be less fin proportion if 
the force is amply sufficient to driva the train. « 
Whatever increases the arc without increasing tjie 
weight is obviously an important gain to the steadiness 
of rate; and the principal* things which do that are 
diminution of friction and inertia of the train, and 
steadiness of suspension of the pendulum. 1 cdbnof 
give a better proof of how much the arc dgpehds on 
that, than the effect of hanging the Westminster pen¬ 
dulum on its projger cock, which is a larga mass cff 
cast iron built into the wallj»iight through it; which 
increased the arc full 45' ovef what it had beeh in 
Mr. Dent’s factory, where^ it was hung on what seemed 
a {»€rffii;tly firm support, on a strong timber frame built 
up from^the ground. Even smaller pendulums^generally 
increase thekiarc from about af in the factory*to 2® go' 
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as BOOK as th^ are properlj Used to a good wall on 
stone cocbels or iron beams. ‘ This shows the extreme 
badness of ^he common way of fixing large clocks on a 
stool or timber frame set upon a wooden fioor in a 
tower, and commbn clocks by a single nail through 
k thin back of th^ case. 

The fnction is of gooise only to be diminished by 
proper shaping of all *the acting surfaces and making 
them of the best metals for working together. Brass 
wheels and steel pinions, and also brass teeth and steel 
pallets seem to be the best in small clocks, although 
there are other cases where steel and steel act better 
together, as in the horizontal watch escapement. In 
large clocks cast iron wheels and pinions suit each other 
better and wear le§& than any thing else, as has long 
been known* by the great machine makers, though 
scarcely any, clock-makers choose to believe it, and of 
co^se refuse to trV, being what they call 'practical 
men,' who understand by the‘word experience the con¬ 
stant use of one thing or one way of doing it and 
^ibsolute ignorance of any‘'other, Mr. Vulliamy used 
to think steel scapewheel teeth or pins better than 
brass ones, and they have been occasionally used by 
other^ people, but 1 think are now generally disused. 
In the best eleiks the pallets have jewels, generally 
sapphires^ let in for the teeth to ret upon, and it is 
quite ascertained that<;brass teeth suit them the best. 
The only large dock that JC know of with jewelled pallets 
is that of the Eoyal Exchange, and it appears that some 
others of Mr. Dent's clocks go equally well wiih steel 
pallets, and the piuwheel escapement (which I shall 
describe presently), both having the saift contrivance 
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for equalising tlie force^which was afterw^ds substituted 
at the Exchange for tile original one on tl^ French 
'vystenij as 1 shall explain aftdlrwards. • ^ * 

When the pallets are steel it is scafcely pecessary to 
say that they ought to be as* Sard'and as smooth as 
possible; especially thsl former, for^if *they are a&t 
smooth at first the teeth will^nahe them so^ time, but 
soft ones will never get hard. 4 hey are hardened like 
files, by being heated red hot and cooled suddenly, and 
not tempered at all. The sharp hollow comers, which 
are considered by ignorant people a sign of fine work, 
are apt to crack in hardening, and as such a corner is 
always a weak place besides, they ought not to l)e so 
cut out; and the same remark applies to every hollow 
comer in every part of a machine, unless something 
else has to fit into it. Probably it is besif to heat the 
pallets in lead melted red hot, and cdbl them in oil, 
which is no^ adopted ibr some larger steel things, as 1 
have seen pallets twisted in the ordinary mode of harden¬ 
ing. The same may be said of pivots and pinions, except 
that they are tempered and^iot left quite hard. 

Alominium bronz* The alloy of copper anj 
aluminium, to which t}iis name is given, seemli ^to me 
very superior to either brass or gunmetal ibr many 
horological *purposes. It is stronger, much more 
elastic, smoother,/ar less liable to tarnisb {i.e, td 
decay); and for small articles^ such a^ the scapcwheels 
of clocks, and aU the whe^ of«chronometers*and 
watches, the excess of tjie cost over brass would be 
insignificant. It solders well with either commoh 
' silver solder,^ or another with less silver in. it. The 
pieces 1 have, both wire and sheet, were bade by 
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Messrs^ Johnsun and Matthey pf 79 Hatton Garden, 
who analysed 'the bit of Mr. Mears's unhomogeneous 
gl^eaJ; bell for me. * " * / 

It is invportaut to keep the upper wheels in the train, 
abd particularly the Sbdpewheel, as light as possible. 
Tt Js a well-knojyn add well-founded rule that every 
blow you h^jar in the working of a machine indicates 
some losfti oj force, an^wearing out of surfaces, and that 
the machine would be better without it—unless it is a 
hammer; and the heavier the blow is, of course the 
worse it is. In clock escapements a sudden stop and a 
blow of som^ amount is inevitable; but there is no 
reason why it should be increased by making the scape-. 
wheel three or four times the necessary size and weight, 
and the drop of th^ teeth more than is necessary to 
clehr the pallets. I *have already mentioned also that 
the greater the inertia of the scapewhcel, the longer it 
is cn effectively catching the pallet, although you can¬ 
not see theJ interval. ^ This was one of the defects of 
Mr. Vulliamy^s clocks, which were in other respects con¬ 
siderably in advance of the general work of his time, 
until Mr. Dent's improvementftegan. I have seen a 
visible cavity worn in the pallets by one of his large 
scapewhe^ls in ten years, and the arc thereby reduced 
by nearly a degree. It was all the worse*^ too, because 
the drop took place far above the coraer of the pallets, 
the mistake of cvhich ^ have already pointed out. I 
imptoved the g^ing of th&t clock by altering it in that 
respect. 

«• The ^ sckpewheel in the- plan which he and toe 
London ,Company of Clockmakers proposed for the 
W«sstmin^ter dock would have come down upon the 
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pallets with a thump of jibs, increased byAhe mojpentum 
of the wheel itself; and the scape-wheel in a new clock 
-^in Shandon church at Corli^ of which I have seeA a 
drawing, is actually a foot in diameter, whereas that of 
the Royal Exchange, for a 2 tdb. petodulum of 3i c^t. 
is only 5 inches and does nOt we^h Jialf a poi^dc 
There arc some clocks too, made by an •engineer at 
Manchester, from which I haife seen a ^c^pe-wheel 
removed, which strongly reminded me of a saying of 
old Mr. Dentes, that when engineers take to makirtg 
clocks they always forget that they are not driven by a 
steam engine. Clockmakers, at any r^te, ought to 
remember that the going part of a clock is a machine 
which has nothing to do but to overcome its own 
friction. Mr. Bloxam calculated Jbhat a pendulum of 
i5lbs does not require half as Siuch forae to kee{) it 
going as the balance of a marine chronometer: all th^ 
excess of fOTce in the? clock is spent in overcomwag 
the inertia of ♦^he train, having to start it*afresh fro/n 
rest, remember, after every beat.* 

I may observe here that Uie rims of wheels (in which 
most of the inertia lies]t and indeed the whole wheel, 
may be made materially lighter with 5 spoljes than* 
with 4. Sometimes, in the most expensive clqcks, they 
are made with 6; but 5 spokes leave very little ’more 
tlian of the rim open, on account of their own thicks 
ness, as you will see in p. loa and they seem to me 
quite close enough for clock-wheels; ^nd of cdUrse 
every unnecessary spoke adds unnecessary work and 
expen^^: that number is used throughout the‘West* 
minster clock and mahy others now. Here too, as in 
the pallets, and indeed in e^ry possible place, the 
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modem WArkni^ who is taught*to think 'high finish^ 
the perfection If work^ or in oljjier words to display as 
m^ch hn^er work and as, little head work as possiblCy 
files*or 'crosses out' the comers as sharp as possible^ 
infitead of' Ihaving ^hem (i'ounded a little^ which would 
^akc the wheel stronger with«no appreciable increase 
of Feight. ,I bellbve it would be a very good rule that 
a sharp hollow corner*ought never to be allowed any¬ 
where^ unless something has to fit into.it> as it always 
makes a weak place^ in which, if anywhere, things 
crack in casting, fly in hardening, or break in working,^ 
and moreover is so easy to do, that as a proof of good 
workmanship* it is contemptible, even if it were not 
really bad besides. 

Length of pallets. A French clock-maker in the 
Exhibition of 1851 Wd an apparatus for illustrating 
the superiority ,of moderately short pallets over long 
onps. It defes not^ require much apparatus to prove 
that; for asfuming the scape-wheel to be of any given 
size, it is evident that the farther the pallets are from. 
their arbor the longer is 'the run of the teeth upon 
them, and the more friction there is affecting the 
pendalujn. The usual proportion seems to be to make 
the diSstance of the pallets frohi their centre = the 
wheeKs diameter (generally i| inches in regulators), 
and embracing loj teeth, i,e, from one dead face to the 
other. This seeqps to me rather an dnnecessaiy length, 
and J should prdier 9l,*oi; half a tooth under instead of 
over one thireftf the number in the wheel. 

, '"1 hj^ve «een clockmakers hot used to dead escape¬ 
ments very much puzzled hoW' to make and adjust 
them, and X have Been*jalso some elaborate dnd con- 
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flicting calculations and drawings fn and 

English treatises aboutithe arrangemeAt of the pallets; 
which is really one of the shnplest things*in the ^rld 
if you only bear in mind that the friction i^ill be least 
and will vary least if the ^frectiibn of the teeth* is 
perpendicular to the dead faces? of th| pallets. Supjj^ose 
^hat 9 J teeth are to be embraced; then ftiark off that 
space on the circumference : tbfc simplest yv&f to do it 
is to lay the wheel itself on paper and mark its centre 
and the space of ^he 9J teeth at their circumference. 
Draw the radii to those points, and two straight lines 
perpendicular to those radii at their en4s; and where 
these lines cross is the proper place for the centre of the 
pallet arbor, and the centre from which the dead faces 
are to be struck: unless you n^win them t« be half 
dead; in which case the theoretical centre for the fight 
or down pallet should be taken a kittle nearer the 
centre of the wheel, ift the line ofi^centres, and that of 
the left or up pallet, a Jittle more farthef off. If you 
call the radius of the wh|pl r^ and p the distance of 
each dead face from the caitre of the pallet arbor, then 
(assuming that the wheel has 30 teeth and 9J embraced)* 
p 7= r tan57° = and the distance of centres 

9 * 

d = -X = 1*84. r. Of course thb principle «f COU" 

cos 57^ ^ f 

struction is the same, if you choose (as is usually donfe) 

to embrace 10 teeth instead ef,9, and in that case p = 

r tan 63° = 1*96 r, which i8»practk5ally^ the dirfbaeter 

of the wheel, and d ‘=^ 2*23 r, 

• TUq slope of the palletl may be adjusted by tnnl 
Fix an index to them of any convenient length, and 
put them and the wheel oi centres at tAie pruper 
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distanc^^on a pfete or board, and mark degrees for the 
index to point to: the length of*a® is *035 x the length 
of t!he indeX) or J inch for‘an iftdex of 7 inches. Open 
the pallets, till‘there is an interval of 2® between two 
subcessive escapes,'•and®tfcat fixes their points; then 
fiie,j;he slopes‘bapk till* the teeth just^fall above the 
corners. The pallets should be just as thick as there is 
room for,Splpch will b 4 rather less than half the space 
between the teeth. 


'Adjustment of beat. Most peqple seem to know 
that the beats of a clock ought to sound equal in time, 
but also to have a very erroneous notion that this 
depends on the clock being set on a perfectly level 
surface, or standing vertically; whereas that has no¬ 
thing at^'all to do with it, unless the crutch has been 
so ^tdjusted that the pallets do escape at equal angles 
when the clock*^ case stands level. Of course they 

t ^ 

ought to l)e so adjrsted, becausfe a clock looks better 
standing straight than crooked, In the best clocks the 
crutch is made adjustable screws called beat-screws, 
which are set in various places according to the fancy 
of the maker. In common ones it is simply bent by 
baud' tilKthc beats sound equal. Mr. Dent makes the 
fork pins jn turret-clock escapements to open with a 
spring^ to,prevent the teeth being damaged in case 
they should be caught by the escaping corner of the 
pallets when the dock i^put back, or the pendulum set 
going; withouj. the clock being wound up. Each 
‘ prong * of the fork must have a geparate spring, both 
sat* against a stop betweeli them. The crutch* aiffl 
everything attached to the pallets ought to be kept as 
light as possible, becausccthey are in fact a pendulum, 
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moving on pivots instead of a spring an& therefore with 
much more friction tlfan the real pendulum. But a 
\ long crutch is better than'a short one^-because Mess 
angular motion and force is* lost ift thc^lposeness or 
' shake/ which, as I explairi^d at "^p. 73, must be feft 
between the fork and the pentlulun^ The proper 
to try whether a clock is in.beat is to let ?he pendulum 
swir»g only just far enough far the escape/and then 
you will easily hear if the beats are unequal. 

Pin-wheel escapement. There is a very convenient 
form of the dead escapement for large clocks, which 
goes by this name. It is said to have Ji)een invented 
by licpaute in 1755, but also by Whitehurst of l)erby. 
The teeth arc pins of brass wire set in the face of 
the wheel, and the upper halfi<»f each cylinder cut 
off, as it could not act aud would only waste foom 
in the drop. But I introduced th^ plan of cutting 
off a small slice of fhe uncler on acting side al89; as 
shown In hg. 14 (next,page), because viiless tha{ is 
done, you must either have flie wheel very large, or 
the pius very thin, or long pallets, or a large angle of 
impulse, which are all objectionable. The advantages* 
of this escapement are, that it does not require so*muAi 
accuracy of construction as the othqr, and ^less is lost 
in the drop', and therefore you can'get many more pins 
than teeth to act in a wheel of given size, which often 
saves one wheel in the clock.* ^If a pin gets damaged it 
is easily replaced, whereas-if* a tpotli is damaged the 
wheel is ruined. The blow on both pallets being down- 
^ardf, the action is more steady than it Sbmetimeeu is 
in the other. The pallets are best made^with their 
cross section rather convcX|**and also half dead. ,The 
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scape-wl^eel' of Mr. Dent’s large clock at King’s Cross, 
by which the (ireat Exhibition time was kept, after 
vaini^ attempting to rely dn sdhie others about which 



grand *announc^ents were* made beforehand, is only 4 
inches wide, with 40 pins, so to turn in 2 m. with a 
t J«sec. pendulum, and the distance of the lower pallet 
from their pentre is about 3^ inches. The low;er. pallet 
should be the inner one, aird the higher the one outside 
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the wheels because this makes the action of t]^e teeth 

on both of them mor^ direct. They are often made 
the other way^ and it never Occurred to me {hat it Vas 
wrong till 1 was struck with the Obliqi^e, action in 
drawing one of that construcfldh larely. * 

Fin Pallets. The best sidall French clocks jjiat 
come here have an escapement which at hfst sight may 
be confounded'with the pin-wSeel escap^dht, but is 
really quite different. The scape-wheel is like a com¬ 
mon dead scape-wheel, and it is set (merely for show)*in 
front of the dial; but the pallets are made of semi- 
cylindrical ruby pins; the effect of whiph is that the 
dead part of the action is not on the points of the teeth 
but on their faces, and it is apparently half-dead. The 
impulse is the same as on con^mon jewelled pallets, 
only with the faces round instead of flat. • • 

Single-pin escapement.^ This, Kke^ many other 
new inventions^ turns out to be <an old one, both in 
England and France. ^But it was re-wented i]\ an 
improved form by Mr. C. Maclowall, a London watch¬ 
maker, who is or claimsb to be the inventor of that 
very useful instrument the spiral drill; though that also* 
turned up in the Great Exhibition, in wood fvom^ndfk. 
The scape-wheel (fig. 15, next page) is a very small disc 
with a sin^e pin made of a ruby, like the pallets just 
now described, ^The disc turns half round for every 
beat of the pendulum, and* gives the impulse on the 
upright faces of the pallet, an& the £ojjpontal fa^s are 
the dead ones. The action is smooth and easy, and it 
has*tJie advantage of giving the principal** part of*the 
impul§e .directly across the line of centres, and it is very 
easy to make. It acts very^ well in watches also,»as I 
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can testify Yronl having worn onje for some time which 
was made for Mr. Dent in Switzerland, he having 
bought the,patent. But*'it has the disadvantage of, 



requiring two more wheels in the 
^ trfiki, which seems to overbalance 
the advantages, both in expense 
and in force required to drivp 
Jtjie train. The pallet piece itself 
forms the crutch for the pen¬ 
dulum, the scape-disc being set 
behind the clock frame. 

Three-legged dead escape¬ 



ment., It occurred to me in 
1851 that all the best or most 
redirect part of the impulse in the 
single-pin escapement might be 
kept, the more oblique part got 
t rid of, and One of the extra wheels, 
saved, by using* three pins or 
teeth instead of one; and the 
result,was this escapement, (for 
clocks only, not watches) in which 
the upper tooth is shown in 
the act of giving the impulse. 
Pig. i6a is a full-sised view of 
the escapement which drove the 
Wei^tminster pendulum of 6 cwt. 
^ for'half a year, until it was super¬ 
seded by another modification of 
it invented for the purpq^sb oV* 
equalising the force of the im- 
pul^. That scape-wheel was of 
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steel and weighed only ^ of an ounce or 73 grains, and 
the clock weight required for it with a common turret 
clock movement was ofily pSlbs. falling d Aet a^llay, 
and less than a quarter of wh^t a depl esca^ment had 

Fig. 10 A, 



required; ^d considering that more force is lost* by 
the inertia of such a trai#i than in small ctocks, we ijjay 

say that the fraction was less than a third of its 

usual amount for the best astronomical pendulums' 
swinging the same arc. I found also that it was pd^sibfb 
to isochronise the long and short arc^—at le^st for such 
variations a% actually occurred, by making the stopping 
or horizontal faces half-dead, as they are drawn here. 
The distance of the scape-^whqpl from the pallet arbor 
should be about 24 times the radius o^the wheel, to 
make it escape at 1°, allowing a little for clearance. 

• TR^ friction might be still more reduclJd end fhe 
adjustment of the pallets made easier by m^aking the 
escapement with long stopping teeth, as in* fig. b. 
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It woul^ also give room for a longer swing of the pen¬ 
dulum, which can not safely be^ made above in the 
oth§r form, or the stoppin'g faces will reach the scape- < 
wheel arboj^* ‘ An escapement of this kind clearly 
rehuces the pallet^ fric^ilbn to the smallest amount 
pdil5ible in an/ ^‘sad escapcmdnt. It is however not 



free frdm the variations of force in the train/' Constancy 
of force is .only to be got by an entirely di^erent class 
of escapements, or by ^h^ addition of a train remon- 
toire,«of whicljj^^I* shall ^peak hereafter under Turret 
Clocks. 

Detached escapement, ^ere have been yalioi& 
contrivances for clock escapements on the chronometer 
prix^dple of leaving the pendulum free or detached from 
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the scape-wheel except at the time of recemng the 
impulse and of unlocking the wheel. There is an old 
j French one described ill Eees's CyclopsedjaJ and dSir. 
Airy invented another, of whi^h two jsr three specimens 
were made i but they seem td ha^b had more inctm;^- 
veniences than advantages, especially when the cost is 
t^eh into account. In all escapements «of this class 
the pendulum receives the impjilse at only §ne of the 
two vibrations; which however is of no consequence j 
and as a whole tooth-space instead of half a one passes 
at each impulse beat, the scape-wheel turns in the 
same time as usual, supposing the number of teeth 
to be the same. There js therefore nothing Ifew in 
the principle of the escapement I am now* going to 
propose, though I think there in its arrangement, 
and in the amount of friction which it sayes. • 
First there need be no pallet arborf and no crutch or 
fork, as there is notlfing in* the form of'pallets ei^ept 
the single piece I, whi^h is a bit of hard steel screwed 
to the plate P P, which may Ke part of the pendulum 
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itself. It is cut out wide enougli in this figure to allow 
an arc of full 3®. The scape-whsel may have either 5 or 
6 teeth; if ^i^ the depth of action would be so small as to 
requi're verjr delicate work^ except on a large scale, and so 
peihaps 5 is Ihe be^ nuifiher, and it is a very convenient 
one^ for the train.^ The‘ scape-wheel should be in the 
middle plane^of vibration of the pendulum, and therefore 
the plate P l^must be a^little behind the middle. The 
locking and unlocking is done by the lever Q L, which is 
just now at the moment of unlocking by the pendulum, 
which is going to the left and has not reached zero, but 
is at that angle which we called — <3 in the common 
dead escapement. 

You se© how the unlocking is done by the lever and 
the little, click C on ,thc pallet plate, arid the mode of 
giving the injpulse is* equally evident. Before the 
impulse is completed the click will have cleared the 
lever, which will lia^p resu^ied its place and be ready 
to stop the ngxt tooth. When the pendulum returns 
to the right' the click will be merely pushed aside by 
the end of the lever withqut offering any sensible 
opposition to the motion of the pendulum; and when 
it<eonK)s again to the left the unlocking will begin at 
some such angle as — (iS + 8) which must of course be 
something less tha». a or the whole swing of the pen¬ 
dulum from zero. The reason for the position and 
form of lever QL^is obvipus, viz. tq* enable it to be 
pusheci aside ^ the clic^ ^nd to return immediately. 
The impulse piece I, which may be jewelled if you 
like*, can Jbe«adjusted by the screws by which it is^xed^ 
to the pendulum, and the click pivot or the pin which 
supports it^ay also be adjpitable. 
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The distance of the scape-wheel from the tog of the 
pendulum may be ab<Kit 24 times the radius of the 
^wheel, as in the three-ltegs, Vhich will enabfe the^im¬ 
pulse to last through 2° of the pemiukim^ |illowing a 
little for clearance. In regulators this distance mal^ 
the scape-wheel come hi a coflvenie^t position at J;he 
bpttom of the frame, putting the seconds dial below the 
centre of the great dial instead*of above %s is done 
in the gravity escapement clock described afterwards. 
The pendulum hangs at the usual height. Fig. 17 
would be the view of the clock from behind ; but the 
impulse piece and k)cking lever may be put on the 
other side of the plate P 1^, to be visible from the front 
of the clock, through a large hole in the frame plates, 
and in the dial also if you like. * 

Another advantage of this land of fiscapement is, 
that you may make the impulse begin and end at any 
angles you# like (within mo*derate* limits) before fltnd 
after zero. We’ found that the reason Mhy the com¬ 
mon dead escapement, and *any double-beat dead 
escapement loses under ap increase of arc and force, 
is that the length of impulse before zero cannot be • 
made as great as that after zero; and if this.coiHd ht 
reversed, or the angle j6 be made greater thah y, the 
escapcment»could be made to accelerate the ratrf while 
it increases the arc, and consequently to Qounteraet 
the circular error.. In a siz)gje-beai escapement this 
can b^ done; and as thera it np dea^ frictioik'and 
scarry any impulse friction in this escapement, there 
is^o^ other source of error but the usual inpequality^of 
j/Le impulse, which may thus be made in some mea- 
^sure to correct itself. And^f a train rementoirq is 
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added make the force constant^ as I skall explain 

hereafter, I am inclined to think this escapement 

wotfld be superior to any‘'oth6r, so far as I can judge, 

without tri/il. 

» 


" KEA^NTOlitE OR GRAVITY ESCAPEMENTS. 

These hre not to Ife confounded with the thing 
called a train remontoire, which I alluded to just 
now but shall not explain till we come to turret 
clocks, as it belongs only to them. A gravity or re¬ 
montoire escapement is one in which the impulse is not 
given'to the pendulum directly by the clock-train and 
weight, but by some other small weight lifted up, or a 
small spnng bent up,(j^lways through the same distance, 
by the clock-tsrain at every beat of the pendulum. And 
the great advantage of them is that the impulse is 
therefore constant^ for the oilly consequence of a 
variation in the force of the clopk is that the remontoire 
weights are lifted either faster or slower, which does not 
signify to the pendulum, as. the lifting is always done 
^when the pendulum is out of the way. If this can be 
Aan^ed- with certainty, and without exposing the 
pendulum to somq material variation of friction in the 
work df unlocking the escapement, which it must per¬ 
form, its jnotion and therefore its time must be abso- 
lutely constant, since th^ilB is nothing to disturb it. It 
does not lool^a ve,ry difficult problem; and yet it 
puzzled the clockmakers to solve it in a satisfactory 
way foU' about a century, in consequence of q^aih 
small difficulties which nobody would guess until he had 
the,opportunity of obser^ng them in action; and after 
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all it was not done- by tbe clockmakers^ bnt^by two 
lawyers, in different ways. 

* But first it may be aSked,®is tbe graVit^b elcapei^nt 
problem worth solving? Is 4ot tb^dead^escapement 
proved to be good enough both by experience and by 
mathematics ? The ani#«ver is,*that yi science, nothing 
19 good enough when it can be improved* upon: that 
both mathematics and experience prove tha^ dhly by the 
most careful and delicate and therefore expensive work, 
and only on a small scale and with light weights, can 
dead escapement clocks be made to go so well as the 
best of them certainly do; and although w^ shall see that 
it is now possible, by the addition of an apparatus l^y no 
means complicated, to make even large and heavy dead 
escapement clocks go as well as ^tronomical ones, yet 
that apparatus involves not only some extm expense,*but 
what is far more difficult to j)rovide, some extra atten¬ 
tion and intelligence ih the people who have the care of 
it. We may however digipose of a great number of j;he 
almost innumerable contrivances for gravity escapements 
by the remark, that they .require not less, but more 
delicacy of construction and careful handling afterwards * 
than the finest dead Escapement, even if they ‘ perform** 
any better, which scarcely any of thqpa do. 

Before wE can appreciate the merits and the diffi¬ 
culties of this class of escapements, it is clear]^ 
necessary to understand the*^eory of them; which I 
shall be able to exhibit more* brhsfly thyn that ^f 'the 
dead escapement, as some of the ground is common to 
Hien! jK>th, and especially that useful formula^ of Mr. 
Airy*s^ for the variation of the time caused by any 
escapement, from which 1 shall start again. But it jfvill 
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help our conception of the process if we first take some 
simple form of gravity escapement as an illustration of 
thecr priifbiplc; and it dots not signify that that form, 
was neither tho fiiwt nor,the best, on account of certain 
ip^chanical *^objcctions wVich we are not concerned 
with yet. . ' • 

Mudge’s-'gravity escapement. The pallets A (J, 
B C, are fto, longer fix^d on one arbor, but on two, as 
close to the bend of the pendulum spring as possible. 
The acting faces are so shaped and placed that when¬ 
ever the wheel moves from B towards A, a tooth 
will lift one of them until it is stopped by the nib a 
or b the end of each acting face. Here the pallet 
A has just been lifted and is holding the tooth that 
lifted it4 as soon the pendulum comes, meaning 
to ttie right,,.it will bvidently push that pallet out 
of the way by means of the fork-pin P, and so free 
the. tooth, and the .wheel will begin to turn, and the 
opposite tooth will immediately lift the pallet B till it 
likewise is stopped by 6." The pendulum is all the time 
going on rising to the right and carries the right pallet 
with it as far as it likes to go; when it begins to fall 
the pallet falls with it, not only to the place where it 
was taken up, but to a lower place, corresponding to 
that of the left pallet in the picture; and the fall of the 
weight of,the pallet from the place where it is taken up 
by the pendulumcto tha place where the pendulum 
leavesidt, or tl^ difference between its rise and fall with 
the pendulum, constitutes the impulse, and that 
difference is evidently constant, however far the pen^^ 
dulum may swing. 

If the iveight of the pallets were partly or Wholly 
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counterbalanced, and they were tixed by springs jnstead 
of acting by their own* weight on pivots, it could no 
^longer be called a gravity eseapement, but twWd ^ve 



the more general French name of a remontoire; but 
tUe principle would be the same, except that the force 
of the sjpijngs has a law of its own, and is moi;p variable 
than that of gravity. 
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It i& easy to shew that the effect of a gi^vity escape-' 
ment is to make the penduluih go faster than a foee 
peA^nlum, hy exactly the' same reasoning as was nsed 
to contrasty the $ead and the recoil escapements; or 
a<&ll more simply^ by considering that the remontoire 
weights are in effect so mudh weight added to the 
pendulum iSr above its centre of oscillation, and there¬ 
fore they'^aeselerate it. ^ But this tells us nothing about 
the variation of the rate, in case the arc increases or 
decreases a little under any change of friction; and we 
shall see presently that a very curious result comes out 
with respect to this, which it is impossible to arrive at 
except by calculation. 

To do this we must find out again what that quantity 
called in^ Mr. Airy^s formula at p, 83, is for this 
esekpement. Let the angle after zero at which the 
pendulum bcgin§ to lift the pallet be called y, and the 
angle at which it leaves the other pallet which has been 
giving the impulse + according as that takes place 
after or before zero: so that, as in the dead escapement, 
the angle y + j8 is the angle of impulse, if the descend¬ 
ing pallet is left after zero, which w^e shall see is the 
^)est arrangement. Let be the weight of each pallet, 
and p the distance of its centre of gravity from its axis 
at C, and 8 the angle which p makes with the pendulum 
When they are in coiftact. M/* represents the moment 
of inertia of the jpendukum as usual; strictly speaking 
we olight tovidd to it the moment of inertia of the 
pallets while they are in contact with the pendulum; 
but. as *tll&t makes no difference in the nature of the 
result, aqd in the best escapements one paflot or the 
other is always in contact, we may either consider that 
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as included in M/* or neglect it altogether. • Then 
the equation of motion ^ill be 
• _ gain'd *P/7^ sin (S+d) 

l[e~ j ; jA* • 

- • 

And as we may put d for^sin d, qnd i for cos d, 

a- 

df ~ / V ^ M>/^ “ ^ 

This is exactly of the same form as we lad in the 
dead escapement at p. 84; only here the term ini- 
Yolving 6 , which always indicates isochronism^ has its 
coefficient increased; which shows that the pendulum 
will regularly go faster than if its own gravity alone 
acted upon it^ exactly as it fs accelerated by those small 
regulating weights which I described at p. 6^ Th^ 
other term constitutes the distuning force fi^m 
which we are to learn what will be thp disturbance of 
the isochronism if the arc varies a little; and this result 
will also be of thb same form as before^ except that the 
limits of are different, as it does not act now through 
the middle of the arc only, but from — a to )3 and 
from y to a; and even if ^ should be identical with y, 
the action is not continuous, for the falling pfdlelb 
pushes the pendulum from -- a to j 3 , but the pendulum 
lifts the pallet from y up to a. Therefore *the lesujit 
of the integration will be (puttin^WA for the sum o£ 
Pj? sin 8 for the wlfble day); ^ 

- _ yfh (y/o* TT y +, f ^‘) . • 

M/ IT a* (y + ^) ^ 

which* differs from the dead escapement formida nnly in 
the sigqs ; but we shall see that that produces another 
veiy important^ difference, iirst however "we iq^y 
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remarllj^ that if is — (that is, if the falling pallet is 
left before zero), or even if it b smaller than y (and it 
cahnot be larger with safety 'to the locking), A T is 
increasedj^and^sc^will all its variations when there are 
ihiy. Therefore let u§ ««ssume that ^ is as large as it 
c%n be, Le, that ^ne psQlet is "taken up just when the 
other is left, or /3 = y; and then the formula becomes 
much mOro.simple: ! 
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We must differentiate this, as before, to see what the 
variation ofVate will be; but this time we need not 
consider W or tlie force of the impulse variable^ 


..because we know it is not—if the escapement is what it 
pretends to be. Tlidu 


<p 
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Erom which this remarkable result appears,—that if 
the weight of the pallets is so adjusted that the pen- 
Muldm swings through an arc a = y\/2, the rate will 
not vary at all, pven when the arc does, except what 
may be due to the circular error. Unfortunately they 
•both have the saiiie •ign, and therefore the escapement 
cannot be made* to cQjwect the circular error. But 
there happeiv| to be a mechanical difficulty in making 


y ,as large as-~or *710, which would be 85' if a = 


and moreover Mr. Bloxam came to the conclusion, as 
stated in his papers, th^ from other causes, especially 
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tbe variation of density of the air, it is better to make 
y considerably smaller 4 han *71 a. Let us see then 
jFhat the variation of ra1?e frcan the escapeiQelit will^e 

for some such value of y evefl^ as 'k "hs 2* from tlm 
theoretical value. 

^ \ ' "Wh 

Jn the Westminster clock I know by trial that 5:77 

I • 

at the escapement is not more than ; llaking it at 
that, and a at 2° 40', as it is, or perhaps a little more, 

and y = -, you will see, if you take the trouble to make 
4 


the calculation, that the clock will only gain i a second 
a day for a decrease of arc df 10', wffich is much larger 
than is likely to happen, besides what is due to 
circular erior so far as it is unconr&ted by the spring. 

In those escapements where the falling pallet is left 
before zero,, the expression ^’or the variation of rate 
would be ** 

a’i-iy* V—2j3* !• 

Y ) 

in which you observe y — ^3 instead of y -t- /3 is in the 
denominator, and therefore the fraction is much large^i 
than in the other f 5 rm of the escapement. •Theo¬ 
retically indeed this might also be made =«o by 
making the three angles satisfy tbjs condition, 

• _ 4 ** 

\/ oif~— y* i3® 

,• •2 * 

Thus y = 90' and ^ = 78' would be rig^t for a = 2®; 
bht these small differences would be even* more in¬ 
convenient mechanically, than y = 85' in the other 
case. That construction thq(tefore is decidedly the 
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worat, notvithstanding tlie tempting appearance of the 
pendulum being left free through a great part of its 
aif j n fact which would'^psobably never have been 
kndwn with* c^ertj^ty without this kind of investiga- 
tion^ as thd errors woul^ave been sure to be attributed 
W any but th^ right cause. • 

Resistance Ot‘ air. Mr. Bloxam says in a notejto 
his first^paper^ that' plthough it has been repeatedly 
* proved in works on dynamics * (and in a special paper 
hy Mr, Bayley in the Philosophical Transactions) Hhat 
‘*tbe resistance of the air does not alter the time of 
' vibration, this is only true on the supposition that it 
'is the same in ascent and the descent; ’ whereas 
the current produced in the descent prevents the pen- 
lUe^om being ^tarded in the ascent as much as if 
the air had been at (est. Mr. Bloxam had no doubt 

C 

that increased d/snsity retards the pendulum; as indeed 
it must, because it^practicSdly diminishes the pendulum^s 
specific gravjity. He says some persons have estimated 
the gain as high as ^ sec. a day for a rise of i inch of 
the barometer, but he does not consider that ascertained. 
No doubt the resistance of the air helps also to diminish 
^hc mrcular error, which Mr. Bloxam and others have 
alwayso found to be much lest than its theoretical 
valuer Beid also mentions, at page 139 of his book, 
curious fact bearhfl on this. He says he cut a hole 
in the side of thp case ^f a gravity* escapement clock, 
whhi^, increased*'its arc ,from i® 22' to i® 37', and 
at jthe same time made it gain 42 sec. a day, and a 
larger ^o}e increased the arc* 12' more, and I suppose 
the rate. Therefore the diminished resistance, from the 
pendulmqjt being able to ^nve the air before it through 
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tbe hole, much more tUan counteracted both circular 
error and the eacapemei^t error, mahing the dLo6k gain 
this gr^^t amount inste|d o^ losing a little juider ^he 
^increased arc. Moreover such an^^gormous variation 
of rate as this shows that the potion ot th^ air in tl^e 
clock-case may affect th^ rate* xuaterially. But 
add thatl have twice tried the expdHment myself 5 n 
ar* still stronger way, by llaking off the {lock^case 
altogether from my own gravity escapement dock, and 
I could not observe any increase of arc at aU—certainly 
mot of 5', nor any alteration of rate. The arc was how¬ 
ever nearly 1° larger than in Beid’s clock before he cut 
the holes; and this is another proof of thd unsteadiness 
of very small arcs. • 

Mudge’s gravity escapement. Probably 
would foresee, without experimdfit, that the siipple 
form of escapement in p. 113 would^fafl. Severd of 
the most e},aborate French turret clocks tin the Exhi¬ 
bition of 1851 •were on that plan, and people were 
very much surprised .when 1 ehowed them that ydU 
could make all those clocks iucrease their arc visibly 
and speedily by increasing* the clock-weight, which is 
directly contrary to the fundamental principle ^of | 
gravity escapement. «This form of the escapement was 
invented by Mudge, a celebrated watchmaker whom I 
shall have to mention again, and it had long been 
known here that it would not answer^ on account of ita 
liability to trvp^ or to have tii^palleta jerked out^so far 
by the motion of the wheel that the nilT fails to catch 
the lifting tooth, and so three or four teeth rw pa^ UX^d 
the tibe is altogether lost. The only way of avoi^g 
this lucbnity is to use a veiyJiighly finished ^ain ^th 
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lugh numbered pinions to keep *the force uniform^ and 
tben tS make that force only jjist enough to raise the 
pallets; but that is inconsistent with the clock being 
abl^ to work anytjting but a small dial^ and if it is not 
kept very clean and th^c^ fresh^ it will be sure to stop. 
In slmrt the clock becomes toe expensive and delicate, 
and requires too much attention to be tolerated in 
common use. ^ 

Gununing's escapement' But even if all these 
ri^ks were got over, there is still another radical 
defect in all such escapements, which does not appeaf 
to have been ever noticed before 1 pointed it out 
with ‘ reference to those clocks in the Exhibition. 
The force may easily be enough to raise the pallets 

li t tl ^oo high, without jerking them over the tooth 
altogether, apd then %he pressure on the nib is quite 
enough to keep them there, and so the pallet is 
taken up by the ppndulum at some angle greater than 
the proper pne y; and as it falls "down with the 
pendulum to a constant place, the impulse lasts longer 
than it ought, and of coarse the arc is increased. 1 gave 
.the name of approximate tripping to this defect, and any 
•scapement which is liable to it is evidently worth 
nothing. It seems capable of happening even where 
thp impulse or sloped portion of the pallet is put on 
one armband the^nib on a separate one which is not 
lifted at iil by th^ wheel,^but only by the pendulum, as 
in eitapemmtj^ which was invented very 

nearly a century ago, and for a time was thought to 
ansuiar ireU* I suppose this is in consequence of the 
force with which the tooth strikes the stop pallet, some¬ 
times th];^wing it a littlq. out of its place, unless it is 



cuMMiKa's, maaA% 12 f 

I 

undercut or gireu a slight recoil the wrong waf ; and 
that is objectionable too/becatue it resistB the ucdocklngt 
and does nbt always resilt wilSh the same force. / 
Hardy’s escapemdht. One of*^e* ofpactions' to 
Gumming’s escapement was th^riction of no le ss tha ji 
8 pivots of the 4 arms which hatl to move with the pen- 
dylum in the course of each vibration. Hd^dy avoided 
tins by setting the arms gn spfings instead 8f pivots; 
but that introduced another and probably a worse’^evili 
because the stiffness of the springs varies with the teih# 
perature, which of course disturbs the rate of the pen¬ 
dulum. That escapement was consequently removed 
from the transit clock at Gi^enwichmany years ago and, 
a dead one substituted. Nevertheless there are some 
very good rates of three Hardy'^clocks publisKSSTin 
Pear$on*$ Astrommy, The Cambridge transit cloct is 
his. ♦ 

* f 

Hater’s escap^exuenl. The late Oaptain Kater^ who 
paid great attention to the theory of •pendulums 
invented a gravity escapement, which is very fully 
described in the 130th vol. of Philosophical TVamactionSg 
on the principle of making the weight of the descending 
pallet unlock the scapqwheel by falling upon an anchor* 
like a pair of dead escapement pallets without the 
impulse faces. He supposed that as the inertia of the 
anchor would Btc|p the pallet for a monmnt, the* 
pendulum would leave it thef% and^ be itself &ee 
from the friction of unlocking. * But here^gain ft was, 
found that the force of th^ wheel was apt to displace 
aifchoV^nless its pallets were undercut, and thiAithe 
sistance,w^ sometimes too great for the gravity indlets te 
overcome nnlesy^they were too^Wvy for the p&dulutti ; 
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and a%r many attempts to make it go, that escapement 
also was taken out of the only dock to which I know of 
it tieins applied* and catne into the hands of Mr. 

• ^ ^ __ I _ 

Bloxam, |rho •showed pe it. The failure of it is 
described in his paper l^fbre mentioned. 

t^Fowland’s *eanapem&nt, which was in the Exhibi* 
tion of 18^1, was on the same principle as to the un- 
lockingj ^x^ept that 1 e had not even pallets for the 
inpnlse, but a pair of small weights, which hung on long 
afms or spikes projecting horizontally from the locking 
pallets, except when they were lifted off by similar arms 
projecting from the pendulum. This prevented the 
friction of any pallet pivots affecting the pendulum. 
The locking pallets were of Mudge’s form, and were 
"prevStoted from beip^ driven too quickly and tripping, 
by paddles descending from them into a pot of oil—^not 
a very elegant Contrivance certainly, and requiring a 
good deal of extra* force in the tfain. I heard no more 
of jt alter the Exhibition, at ^hich I was not surprised. 

M. Gannery of Farfs had an escapement there also, 
on the same principle as to the small weights, which 
were hung by strings from the pallet arms and received 
Into^cups on the pendulum arms, or vice versd. But 
inltead of the oi^pot, he made the scapewheel of the 
usuaT size with gnly 9 teeth of very slow rifile and a nib 
*at the end, which therefore lifted the pallets slowly and 
seemed to obviate the tendency to trip, so far as I could 
4udg^' by m«»rely loipkidg« at it. 1 should think how¬ 
ever that the rigidity of the strings would be quite 
edough to affect the pendulum, and the friction in 
lifring was considmble. Moreover I doubt whether 
th^ stopping of the unlocking weight in any of this 
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class of gravity escapements is decisive enough j;o make 
the difference of the ^angles of lift and of drop quite 
constant; and if it is ndt th6 escapement fails. 0|*that 
escapement also I heard no morX* and, the French 
members of the jury evident^/thought very litrie^^f/t. 
Nevertheless the scape^heel with 9 teeth instead of 
Yhich reduces the pressure of the stops in^hat propor¬ 
tion^ was a great advance in thi right direotiSn^ though 
not absolutely new, because the same thing had been 
done much better some years before in * 

Blozam’s escapement. This is so superior to the 
others that it deserves a more particular description. 
This drawing (next page) of the full size in Mr. Bloxam's 
own clock, is copied (with a little alteration for distinct¬ 
ness of exhibition) from his acc^nnt of it in thtTlLstro- 
uomical Society's Transactions of 1853. The palletl are 
lifted alternately by the small wheel* or pinion with 9 
teeth, and*with scarcely any friction, as the'action is 
only for a short distance across the liiis of centres. 
The stopping is done by the long teeth, and the pressure 
there is less than the lift ia the proportion of the radii 
of the small and large wheels. The stops are A and B 
E and F are the fo^k pins which embrace the^pexff 
dulum. The pallets above at C are cranke^ that their 
centres of motion may be identical with that of the 
pendulum; whicl^ is perhaps an unnecessary refineif 
ment, especially as the pendulum ^ring has no one 
centre of motion. The size of the wheel deteftuines 
that of the pallets, on th| same principle as I explained 
for the dead escapement at p. 99. If the radtuft of tiui 
wheel js .1 in. the length pf each pallet do^ to the 
stop must be 2*^ in. Mr. Bldxam made the idigle at 
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which, the pendulum leaves one pallet and takes up the 
other^ only 2,0* in his clocks and h = 40'^ these being 

the proportions, 
which he con- 
duded were the 
best to counter¬ 
act the effect of 
variations of den¬ 
sity of the air. 

The only ob¬ 
jections that 1 
know of to this 
escapement are^ 
that it is delicate 
and expensive to 
makCj both in 
itself and in the, 
rest df the clock, 
and that if a 
pallet got acci¬ 
dentally lifted 
the wheel would 
run with great 
velocity and pro¬ 
bably break a 
tooth when the 
pallet stopped it 
again—an evil to 
which most of the previous ^escapements are equally 
hahle, dnd* it is a very serious one. Unless a gfavify 
escapemept will enable the clock to do with a coarse 
tram, it & of no real use;**at any rate it is qmte certain 
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not to come into use: and Mr. Bloxam said that he 
considered a line traimessential. That in his own clock 
was the finest and had tha highest numl^ereft pinions 
(i8) 1 ever saw« And therefore after alh that can only 
be regarded as a very perfi^^ theoretical or scientific 
solution of the gravity*escapefnent pjohlem, bnrhlflj^ly 
a practical one. . Mr. Dent absolutely refused to adopt 
it in the Westminster clock,gunless Mr^Airy and I 
should concur in requiring him to do so; which neither 
of us was disposed to do, although at that time we had 
not come to any conclusion as to the best escapement 
to adopt. 

Three-legged giuvity ^escapement. 1 have flow to 
describe a gravity escapement which really has come into 
rather extensive use, especially in^ turret clocks AlVer 
the Westminster pendulum ha® been ^ing for tome 
months in 1852 with the three-legged dead escapement 
(p. 105), to which a train rdmontoin^^ohld hiwe been 
added, it occurred to me that it might be converted into 
a gravity one with advantage, dnd that the two standing 
difficulties of gravity escqpements, viz. the disposition 
to run too fast and actually or approximately trip^ 
might be got rid of by the old-fashioned and «rimple 
expedient of a fan-%y. It then assumed this form. 
The drawing over the page is a view of*a regulator 
escapement, seen through the front of the clock, half 
the usual size, in*which d thc^distance of centres of the 
wheel and pallets has generally heed mfi|}e frona 5 to 6 
inches. The lifting of the pallets is done by the 3 pins^ 
tiear^the centre, which* should be so placed as to*act 
through 60^ across the line of centres, which has to 
corre8*pond to the angle of tile impulse 2y q£ the pen- 
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dulnm; and as chord 6o° =. 
radius,cr the distance of the 
pens irom the centre^ must 
= 2yd = from ' 67 .d to *03^ 
c Recording to the size of y 

and a: say r = —«s a mean. 

The length of the locking 
teeth is arbitrary: in . small 
clocks they have generaUy 
been made about, an inch^ and 
in turret-clocks nearly 2 in. 
with the distance of centres 
9 in. The only limit to their 
length arises from this: the 
radius from the centre of the 
wheel to the stop E, which is 
struck <upwardSj «must not 
make less th^n a right angle 
with that pallet, or it will not 
lock but push the pallet aside 
and trip. Then if the beats 
are to be equal, the down 
stop D rdust be as much below 
the centre of the <vheel as E 
is above it, and if it is much 
^l)elow, the ’unlocking has a 
• scraping action, which is ob¬ 
jectionable. In setting out 
an esbapement then, the tiirst 
thing is to fix the place of the 
Vp stop, and mark the points 
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of the other teeth at 120® from that: draw the small 

pin-circle, and a vertic^ straight line at the d^tance - 

• . • ^ 

*from the vertical line through the spapewheel cdhtre« 

The centres of two of the, pin% are ou that line, whieh 
will make them 120® apart, and the thi/d is of»ccu0e 
to be 120® from them. The peculiar shp,pe which I 
tTave given to the scapewheel i| merely for t|je purpose 
of making it as light as possiole. The points of the 
teeth, should not be very sharp, or they will wear holes 
in the stops. ^ 

The horizontal pieces projecting from the top of the 
pallets form the adjustment for the arc of (he pendulum,, 
which in this escapement *even more than in the dead 
had better be over 2® rather than under. The .n':*.the= 
matical formula for the<variatioiA of rate mdicates.this 
no less than experience, having a’' (<}r the cube of the 
arc) in the denominator, whlie WA i^Jthe numerator no 
longer represents the variable force of the clock train, 
as it does in the dead escapement, but is simply* the 
equivalent for the constant weight and lift of the pallets 
by the clock during a whole day, and a slight increase, 
of that weight increases the arc more than a similiyr 
increase of clock weight does in the dead escapement. I 
improved the going of a regulator oT this kind materi¬ 
ally by increasing the arc to 2® 15'; and in tuiipt clockp 
jt is generally made a little o^er 2® iij the factory, which 
always increases to 2® 30' o|» more ^en they Qpme to 
be firmly fixed on stone corbels or cast iron beams in 
a clock tower. • • 

The setting cn of the fly reqnires a little notice. The 
fly itself must be quite loos^ on the arbor before the 
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friction spnng is attached, for i/ it is* tight at first it 
vill wear loose and fail to act, and then the clock will 
trii\* the friction must be .got entirely from the spring. 
Two'pieces, or §vcn one piece of stiiff watchspring bent 
in between *the arbor rnd the hole in the middle of 
seems to be the best way of doing it in small 
clocks. In turret clocks with a large fly you may have 
two short* stiff springs screwed on to the arms of the 
fly and acting either on the arbor or a small hard 
cyhnder pinned to it. It is a mistake to cut the arbor 
small where the spring acts : it should rattier be larger 
than the other part, especially when the fly is as large 
as 6 in. X in each arm, which is about the size for 
ordinary turret clocks. Eegulators only require a veiy 
*^maiiiifly, not above ^ in. square in each vane. 

AU gravity escapenients require more clock weight 
than a dead escapement with the same kind of train; 
and this one' requires m(h« than usual, because the 
work has to be done by a scapewheel which turns ten 
timds as fast as usual and has *to turn the fly besides; 
and although theoretically it makes no diflerence in 
the force required, it does practically make more than 
anybedy would imagine without trial, whether the same 
quantity of friction or resistance has to be overcome 
by. a fast dr a slow wheel in a train of aay kind of 
ipachine^. In large clocks indeed, this diflerence is 
hardly apparent, })ecausq the force required by the 
escapeipent i^ very small compared with what is con¬ 
sumed in merely moving the train and the dial work ; 
but in snva^l ones the diflerence is much more striking, 
though it does not affect the pendulum at all. If it 
was wortV'while, it wouldeasy to do the lifting by 
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a common small recoij escapement wheel with^o teeth 
put on the arbor of the z min. wheel prolonged through 
the back plate of the cloek^ which wheel would lie very 
conveniently between the pa^ets and*migllt lift thgm 
by its teeth acting o];)liqu^y on •a steel pin jn f^h 
pallet. In that case the lifting piedls A and B of the 
pallets in fig. 20 would be omitted, as wefl as the j^ns 
in the scapewheel. I should fnention thit the usual 
position of the train is inverted in regulators with this 
escapement, the large wheels being put at the top and 
the scapewheel centre an inch from the bottom of the 
frame. A large hole is somtimes* cut'in the irame 
plates and the dial to ensrible the action of the escape¬ 
ment to be observed. 

Fig. 20 also shows how the belftt fs usually adjusted 
in small clocks. In large ones it is generally done 
by setting the fork ^ pins ^du eccenj^c. nuts. Care 
should be taken to adjust it so that Ite pendulum takes 
up one pallet as nearly as possible when it leavew the 
other, besides of course making the beats sound equal. 
Steel pins are found to def the best for steel faces, and 
also steel teeth on steel stops j but brass pins andjteet^ 
if the pallets and stops are jewelled, of which the only 
advantage here is that they requircf less oiling, jis the 
friction of ‘lifting does not affect the pendulum. Here 
also the almMnium bronze mentioned at page 95 will 
probably be found better thanjbrass.** 

Approximate tripping is impossible wifK this escape¬ 
ment, for another reasoi^ besides the fly; for if^ oulift 
the pallets by hand into that state, they will fall down 
again,notwithstanding almo^ any pressure which you 
can produce cm the stops by the train, even when ^he 
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stops tite sloped away a little to make the unlocking 
easi^ and the friction insensible: which is exactly the 
contrary of the undercuttipg wtich was required in the 
old forms uf gravity escapement. The fly gives you 
co^^lete command* over ^tual ^tripping^ and it should 
always be inade 'so large that you' cannot make the 
esq^pemen^ trip by twice the usual clock weight. Thi;? 
also proves 'that this escapement really supersedes the 
necessity for a fine train of high numbered wheels, 
which no other has pretended to do. Even Mr. Dent 
wa^ for some time unwilling to believe that a coarse 
train fivould rCally answer as well as a fine one, and so 
he tried the experiment; artd the clock with the fine 
train ^ent no better, but as it happened, rather worse 
thaij^ several of the edarse ones. 

It must nevertheless be understood that this escape¬ 
ment was invenj^ for turret clocks and not for astro¬ 
nomical ones, and I do l^ot propound it as superior or 
even equal to a dead escapement for astronomical clocks 
of good construction throughout. But it can be made 
a good deal cheaper than the*best dead escapement 
^Qcl^ on account of its not requiring a fine train. 
One of ..these clocks has been in use for several years at 
the ‘Cambridge observatory. In the great Northumber¬ 
land equatorial t^escope room, a clock with k very loud 
beat was required. This cannot be got in a dead 
escapement witho^it sacirxficing some of its time-keep¬ 
ing properties, by giving “the teeth a long drop and 
putting^^ a heavy weight; Clocks of that kind are 
sometimes put on for the job, and are thence ^led 
* journeyman clocks/ beipgaset by a good-one before 
yovt begin observing, an(f they go weM enough for a 
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short time. But a clock with this gravity escapement 
can be made with a loud beat^ and even to strike a 
small bell every minutd if ^u like, without affc^iug 
its going at all, by merely inareasing* the jiraight as fer 
as you safely can without ilie risk of tripping, and 
making the scapewheel*rather thickeivtKan usual, l^e 
Cambridge clock is found loud enough b}^ an observer 
who is rather deaf, and the ratb has several times been 
reported to me as quite good enough for the purpose. 
It fbay be worth mentioning that Professor Challis 
found it once gain 3 seconds on the day of a heavy 
thunderstorm. The first of these clocks that was made, 
a very rough experimentahone, was tried at Greenwich, 
apd the Astronomer Eoyal was so well satisfied with it 
after trying what he called 'some jvalieious experiments’ 
on it, that he approved of Mr, Dent uSing it in^the 
"Westminster clock, although he had himself written 
strongly against gra^ty escapementis'lln general, and 
did not like this on those general grorftids when he 
first saw it. 

The first clock of this liind, after that experimental 
one, was made by Mr. Dent for the Cathedral af 
Fredericton: indeedJthe escapement was invente'^ for 
it, as the Bishop told me they must have g clock that 
would stand the cold of 40® below zero, which wofild 
stop most clocks qf the common construction, dr at any 
rate affect their going serioulfy. I^rtunately there is 
a scientific clock-maker th^* nmoaed WMTe, *^o has 
taken great interest in it^ and shown considerable 
judg*ment in making variotfs little alteratidHT^whlch 
were naturally required *ii^ a machine of a jiew con¬ 
struction, not ^ven fixed b^ the maker; axfd 1 have 
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beard f(om bim very satisfactory reports of its perform*' 
AUCe, even * while tbe oil bas been frozen as bard as 
talSpw.' One of the firsi^pnt* up in England was at^ 
tbe Manchester InfirmaJ^, where it works four 9 ft. 
illuminated dials» all in*the clock-room, which is very 
h^ in summer (ktys, being a thin dome; and the gas 
must make "the beat vary considerably every day an^i 
night in 6old weather.*•! Reports of the going of that 
clock have been published from time to time in the 
Manchester papers, from which it appears that it only 
varied 14 seconds, and that by a nearly constant 
rate, in the year ending July 1859, 
equally constant in the ye^ before. Without men¬ 
tioning other cases where the' information is less 

• 

precise, though to thi^ same effect, I was struck with 

one^from a gentleman who has an observatory of his 

own, and who wfites that^he had had the escapement 

of a turret cloclTbjitered from a dead one with a wooden 

• • 

pendulum (which the London makers consider the 
perfection of the art of large-clock-making) to this 
with a compensated pendulum,>and that it had deduced 
^ the variation of the clock from minutes to seconds.’ 

• Tlfere have been diflferent opinions whether the 
place of action of the beat-pins should be high up or 
low ^^own on the pendulum, i.e. above or*^ below the 

• Some persons hoverpr, who h|Te these clocks,*think that they require 
more compensation of the pendii|aiD. I should like this to be observed 
aurefa!ly1i)y tho#*Vho have Ahe meahs of doing so, as I have only heard of 
it with any certunty in two cases. If so, it is very easy to give a greater 
Imigth a&«cqjypenaation tabes. I 4 p ndt observe it in the rate of tlm 
Cambridge dock, whidi is subject to very large variations of tempSiature^ 
as observatoisr docks always are.' It is visibly affected by of the 

barofoeter, ae other doeks are ; eeSsp. xi8. 




ficapewheel. 1 am conviiiced that it is better jo have 
tbe action lower down* than it can be if beat-pii|^ 
are above the scapewheel. In some of the*experiii}%nts 
there was a sensible variatiJK even ef*the 9x0, and of 
course of the rate, when the j>ftit-pins were put higher 
up ; nnd I cannot but think that in aiy*case where the 
cpntrary has appeared, the advantage has b^en entirely 
due to the diminished weight ef the pallets,*which we 
shall see can be got in another way. I am not 
prepared to give any rule for the length of the pallets, 
but the rate was worse in the Westminster clock when 


they were 15 inches than 18, and worse in a clock with 
a I sec. pendulum at 6, inches than at 12. It is 
evident too that the shorter they are, the greater 
angular variation there will be any absolute varia¬ 
tion in their position from the shake of pivots or %ny 
other cause; and so a lon^ crutch fis better than a 
short one in a dead ^capement, protidecf it is not too 
heavy, as they very often , 

Double three-legged scapewheel. In turret clocks 
with heavy dial work, and therefore a large force on the 
scapewheel generally, it is desirable to reduce the pres-* 
sure on the stops by making the teeth 3 or 4 inches fbng^ 
but that, as I explained just now, wopld either make the 
down stop dome too low, or the beats very unequal.* This 
however may be avoided by the simple expedieirt of two 
locking-wheels, wilh one set o^Jifting»j)ins between them 
(fig. 21, next page). They are Set vide enowgintpart for 
the pallets to lie between them, and you must take care 
(b ha^e sufficient clearance throughout to mdbif^ure of 
the pdlets falling with the pendulum, clear of all other 
contact; one pallet, say D, fads its stop in front for«the 
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wheel A B C to act upon, and the E stop points back¬ 
wards, and only the wheel ab c acts upon it. (You 
must not suppose that *the ^^oth C in the drau^ug 
is in contact with the stop E, for the^ fire Ju different 
planes.) Both stops can now fie placed at the jyoints 
where radii of the scapewheel make' *ght angles with 
tl;^ pallets. If d, the distance of the centres, is a little 
less than 2a (a being the lenj^th of the 4Seth), the 
points of the two scapewheels will lie exactly in a 
hexagon—not that that' is of any consequence, except 
that it makes them rather easier to set: the reason why 
d is not exactly = 2 a in that case is, that«the arbors'of 
the pallets are necessarily separated a little, and there¬ 
fore the theoretical centre is a little above the real one. 

There are several advantages ^ this way of making 
the escapement. First, by making the teeth longer tnd 
the pallets shorter, you reduce the I’esistance to the 
pendulum ffom the pressure and friction of unlocking 
very materially; and little as it is in any^form of this 
escapement, compared with the pressure on the pallets 
in a dead escapement, or-in any of the old gravity 
escapements before Mr. Bloxam's, it is not insignificant;* 
as you may see fron^ thishardening ai^ polishing 
or oiling the stops increases the swing 0 / the pen¬ 
dulum seiftibly. Another advantage of the douhle 
scapewheel is that it makes the stride of th^Tpallets 
wider, and therefore their efftetive Weight greater, or 
the actual weight required fei*them consiWfflS^^ less. 
This reduction of the weight and moment of inertia of 
the pallets, and their impact on the pendulunl7*Snd the 
fnctiou on their pivots, is certainly of grqat value, 
besides there being an evident improvemeift in 4;he 
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steadiness of the action. Hitherto this form of the 
escapement has only been used in very large clocks, 
sudh as W^tminster an^lieeds; but I am disposed tc 
think it is^ worth while to adopt it in smaller ones, 
•as the additional cosi of the second scapewheel is 
ihsignificant;' aid as some compensation for that, it 
enables us to dispense with all the heat screw arrange¬ 
ments. li^Or the long’ pieces from the stops to the 
pendulum need be no thicker than wires, and may 
actually be wires brazed on to the pallets; and as the 
adjustment for beat has never to be altered after it is 
once made right, it may be done just as well by 
bending these wires with a pair of pliers when the 
clock is first fixed as in any other way. I believe also 
that their elastimty si^ould be an advantage, as it would 
diiiiinish the^low on the pendulum at every beat. 

I should think*'about 3 ^ches would be a good length 
for the teeth, ‘afid therefore nearly 6 inches for the 
distance of the centres, in a common turret clock, and 
half that size, or the size of fig. 21 (which is rather 
less), in a regulator. The'lifting pins will have to be 
' very near the centre, as their distance ought not to he 
*^more than ^ the distance of the .pallet arbors from the 
8capewhee]|. In small clocks, the best way will be to 
make the scapew^ieel arbor of six-pinion wire with 
every Ocher tooth cut out, as shown in fig. 21. It 
should then be set so thift the lifting face of the pallet 
may r^tntnit against«the* fflce of the lifting tooth at the 
beginning ^of the lift: in other words, the lifting is to 
begin'% the line of centres, although when there is 
room enqugh for pins and a distinct arbor, it, is better 
to cbegiil 30^ before the ^line of centres, as I said at 
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p. 125. As the pallets will be only half the length that 
they have usually beexa made in regulators^ it will no ' 
longer be necessary to ^nvc^H the train and put d:he 
Icapewheel at the bottom instead of«the top. ^he 
pallet arbors may be set in a pair of cocks fising abovt^ 
the top of a frame of the usual hei^U But if you 
prefer having the escapement at the bottom^in order to 
be able to see the action of it J^etter (cuttipg a piece 
out of the dial and th^ bottom of the frames), there is 
no difficulty in it: the pallet arbors must be short, with 
one pivot in the back frame plate, or a piece screwed 
within it just behind the centre wheel, and^ the other in 
a cock as close to the pendulum as possible. It is 
obvious that the effect of the pressure and friction on 
theatops will be only one third ^ what it is with the 
pallets six times the length of the scapewbeel teeth^as 
they have usually been In regulators* with the single 
three-legged,wheel. • * * • 

Four-legged dbapewheel. The same cd>ject can be 
effected, though not quite so completely, by a single 
wheel with 4 legs, but having 8 lifting pins, pointing 
alternately backwards and forwards. The pallets must • 
be in|diffe|ent planes tdfuit them, with one stop in feont* 
and the other behind.* In this escapement 'the length 
of the scapewheel teeth and pallets is*not arbitrary tis in . 
the three-legs, but the proportions requisite asa-con- 
venient enough. If you draw^ four-legged wheel with 
one of the legs standing at .the angle the 

vertical or line of centres, another ot them will be at the 


pioper place for locking; •and the pallet at rl|bl>aDgles 
to it will make that same angle with the vertical. 
€alling*the length of the teetVtf, and d the diSjtance^of 
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the theoretical centre of the pallets (i.e. the point to which 
they converge, or where their arbor would be if it could 
be single, or where the pendulum spring bends), you 
will'^find that d ^ 2*6 a: and p the distance from the 
|mllet centre to the stops — 2*4 a, whereas it is only 
173 G‘in the double three-legged escapement with equi¬ 
distant teeth; and the force of the train oil the scape- 
wheel wiU ()£ course ba also on& third more, as it turtis 
in 8 seconds instead of 6; so that altogether the force 
required in the pendulum to unlock a four-legged 
wheel of given size is nearly doable of that in fig. 21, 
though a good deal less than in fig. 20. You will 
see'at once the reason why two sets of lifting pins are 
required for a wheel of any even number of teeth if you 
take the trouble j^o draw it; viz., that either the i|per 
or<!the loweii pallet can only be lifted by very oblique 
action if they are both lifted by the same set of pins. 

1 can sa^ from observation' that this, four-legged 
escapement,^acts perfectly well, though not quite so 
steadily as the double three-legged in large clocks, 
where there is generally and ought to be a large amount 
.. of superfluous force, to make sure of driving the hands 
cin lU weathers. In regulators this is not ^o, a«d in 
them the four-legs would have the incidental advantage 
of avoiding the small pinion, only of the size of the 
minista.wheel, whidh the three-legs involves, and which 
' wastes a good de^ of tl^ force, as small pinions always 
do. Aufidi^sl pmic^n^of 60 and 8, or of 75 and 10, 
would be right for a four-legged scape-wheel in a regu- 
liEtorf>4Eh#teeth might conveniently be i Jin. long, which 
will make the theoretical distance of centres 3*910., and 
th| actual distance of the pallet arbors 3*5 in. above 
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the scape-wheel arbor. The distance of the lifting pins 
from the centre must of course be more than in the 


three-legs to produce the same lift: it should Mot 
exceed of the distance of centres^ a&d probably will 


be better = 


d 

or you may 


£iii{ it difficult to g§t the*' 


pallets light enough not to make the pendulum swing 
too far. The same remark applies to the double three- 
legSj because one of the objects of them both is to 


reduce the absolute weight of the pallets. 


CONSTEUCTION OF THE GOING PART OF •CLOCKS. 

Fig. 22 shows the usual arrangement of the going 
a common legulator, or a hops^lock of superior 
character^ except that the pendulum in a clock of tisat 
kind ought to be hung by a cocl^p the back of the 
case; but I have already given*a diwing (fig*. 8) showing 
that; so 1 show another mode of suspension hpre. In 
the common recoil escapement* clocks the pendulum 
only weighs a pound or twe^ and is hung from a cock 
merely screwed to the back plate of the frame, which is 
a much weaker |dan than this. The weight is not htng < 
by the single line, but*by a double l^ne going through 
a pulley, soi^etimes in the weight itself, but*mor^frer 
quently hung to it by a hook. This prevents th&«tribg 
from untwisting, and enables yjpu to do with a thinner 
string, and itrequires a barrel of l^ice tlib rliiTn itii rrhirli 
a single string would, and that is worth something when 
th% pivots of the barrel ar6 as large as they usually* arC, 
of which 1 have spoken already at p. 82. But it must 
be remembered that every p*idley in a machine, a^d 
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every moveable piiHey, wastes power very 
seitstbly by the fnction and stifihess of the ropci 
especially when the movmg power is at the slow end of 
the system of .ropes. Theoretically it makes no differ- 
^^nce whether a given weight with a given fall in a week 
48 huhg by on^ rope W^;hout*any pulleys or by half a 
dozen ; but practically you will find the weight has to be 
increased ^n a very high ratio for every additional pulley 
you add. You might soon reach a number at which no 
weight whatever would do the required work, but would 
all be wasted in overcoming the friction and stiffness 
of the ropes. This remark is chiefly important with 
refbrence to turret-clocks, since not one architect in a 
hundred ever consults a clock-maker before he plans 
either dial-holes .or clock room or place for the w||||bts 
tQ> fall, and then people think it is the clockm^Rr^s 
fault if the clock not perform as well as if it had 
plenty of r 6 om folffie weights <to fall and other things 
to act propprly. 

The barrel is fixed to its arbor, of which the back end 
is a common pivot, but the front is carried through to 
, the dial K and is squared for the key to take hold of 
til it.« The great wheel Grides loose oni^e arbor between 
the barrel and a collar shown just above G, and it is 
i^nected with the barrel by the ratchet -and click, of 
vfUaik a front view and description has been already 
given at page 2^. (There are in fact two ratchets R 
and but owe iieed not inquire into the 

functions of the second at present: it will be explained 
witb^ig. 2^.) The great wheel G drives the icentre 
pinion c, which always turns in an hour, and its arbor 
goes tlunugh to the dia^And carries the minute hand in 
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the I will describe presently. The centre wheel C 
drives the second pinion on whose arbor is a wheel D 
wMch drives the scape-srheel E by its pinion e. In 
moderatdy good clocks, the pinions have all generally 8 
Jteeth or leaves, and thifi yrheels in that case have 96, 64, 
4 ind 60 teeth) i^ the shape-wheel turns in a minute as 
usual: in <the best clocks the pinions ore occasionally 
as highcas 16; Mr. ]^ioxam’s is the only one I ever 
saw with pinions of 18. Of the scape-wheel, pallets, 
and pendulum, I have said enough already. In dead 
and gravity escapement clocks, and sometimes in recoil 
escapement^ the scape-wheel arbor comes through the 
dial and carries a seconds hand. 

Short clocks with half second pendulums are best 
made with a scapp-wheel of the usual number of 30 teeth, 
aa either a hrge and heavy wheel, or teeth very closely 
set, are objectionable. In that case the scape-wheel 
will of course turn twice in a idinutc, and the product 
of the numjbers of the teeth of the centre and second 
wheels most = I20 x 8 x 8 if the pinions arc of 8, 
which is best satisfied by 96 and 80. In very inferior 
» clocks the scape-wheel pinion is only 7, and then 84 and 
080‘teeth will do. The American clocks have lantern 
piniofis (see fig. ^7) in which 6 pins are as good as 8 
or 9 common teeth, and therefore the*centre and 
s^ 9 disi wheels need only have 72 and 60 teeth for a 
half-seconds pendulum.,^ It is not worth while to go on 
with Iftwi T?ilpuIat^oi\,foi*f«Becond8 pendulums or others, 
as the prinriple of it is perfectly obvious. 

*lHai work. If the minute hand were fixed^rigidly 
to the centre arbor, the dock could never be altered: 
a])d-th6refb|^ the way''in which it ^s fixed and yet 
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alterable is this: there is a irheel M (in 22) ^ on 
a hollow arbor or pipe which fits easily oh the centl^d 
arbor^ and has its own end squared for the hand to fijiPit 
A small bent spring with a ho^e in the» mid^e fits on 
the centre arbor, and the hole fests againsE a slionlde^ 
which is turned on the drbor jifst in fispnt of thd dock 
frqme; the ends of the spring press against the bad: 
of the wheel M when it is pre8|ed back, as tit is after 
the hand is put on, and it is kept there by a collar and a 
small pin put through the end o( the centre arbor. * 
And in this small matter there is room for a rery 
common mistake: the hand is kept steady by the frie- 
tiou of this spring at one^ cqd and the collar at the 
other, and it will evidently be much steadier for the 
same amount of pressure if the sj^xiog fits the arbor 
tight, and so the friction is between the*ends of the 
spring and the back of the wheel, than if it isloose on the 
arbor, simply on accoiAit of *the difference of leverage 
at which the friction acts when you turn tl^ hand with 
your own finger. In mere ffegulators without any 
sinking part, this does nqj; matter, because there is 
nothing to disturb the hand j but when the whed M, 
or the equal wheel N which is driven by it, has tfl^lift^ 
a lever every hour to discharge the striking phrt, it 
matters a g^eat deal, because a great deal more fnCtion 
is then required to hold it in its place agaiaalrThe 
pressure of the leVer; and ^^t it seems to be the 
fashion in London to make the^ hdle in.J!ik»^priiig 
round instead of squaring it on to the arbor; which 
wb aid ^ take about ten tdinutes to do. Th6*ooA0e- 
quence is that a dock will sometimes take to losing 
unaccountably m this way, which 1 only first di^go* 
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Yered,)}^ seeing the minute hand gradually lag behind 
the seconds hand; and that defect can only be perma¬ 
nently cured by making ^he 'Spring very much stiffer 
than it i\,eed be if it i§ put on properly, e.c. with a 
J^quare instead of a roubd hole. 

• Over the minute-wheel M and its hollow arbor there 
is fixed a thing called the bridge, which is shown at 
H L (fig^a2), and has^ another pipe enclosing that of 
the wheel M but not touching it; and the hour- 
wheel H with another hollow arbor still larger rides 
upon the bridge pipe, and is driven by a pinion n of 
^ its own, number of teeth, which is fixed to the 
wheel of the same number as M. That wheel N 
is generally set upon a stud or a pin screwed into the 
front plate, but is hptter with pivots in the frame and a 
coric. The hour hand is set on the end of the hour-wheel 
socket either with a small screw or pins. The thing 
marked Y in front of the hout-wheel has nothing to 
do with thar going part of the clock, but is the snail 
which regulates the number of hours struck by tlie 
striking part, as will be ex^dained under that head. 

^ The hour hand in astronomical clocks generally has 
*a slhall circle to itself in the lower half of the dial, to 

j I ' 

prevent its hiding^the seconds hand in the upper half, 
whic*h it is impor^int that an observer should always be 
al)!&*ti^ see. Besides it moves with much less friction 
when BO placed, as it thpn turns on a.thin stud fixed on 
the frwrt yl ate of ^he'clock, instead of a veiy wide 
socket. It may either be driven by an intermediate 
wheel md pinion from the bentre arbor, in oi^der to 
make it go the right way round, or directly by the 
gi^t wheel, which involve less frictiopi and no iucon- 
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venience except the perfectly insignificant one of having 
to move the hour hafid separately from the minute 
Jiand when you want* let alter the clock iDuch, T^fich 
cannot happen once a year in any good^:lo^k• 

Dial. Two different ways ^lixing the dial are showtt 
in figure 22, and both of them difiereat*from the conf- 
mpn one, in which four separate pillars fire screwed 
permanently into the dial and the other ends ^o through 
the firont clock plate and are pinned behind it, the main 
])illars of the clock itself being only long enough to 
connect the two plates, and having nothing to do with 
the dial. Either of the two plans in the* figure seems 
to me to be better than jthis, though it is 
of very little consequence. The dials of the best clocks 
are made of brass plates polished aD^lnnlvered; the com¬ 
mon ones are of sheet iron: the Amcrici^ and Biftch 
of wood. The hands are al\|ays of blUck steel in regu¬ 
lators, but •in cqmmoh clocks they are of brass gilt, 
which is a very Ijad colour on a white face,'Hhough ^ry 
good on a black face. The same remark applies to 

watch faces. I never could understand how such an 

«• 

absurd thing as gold hands on white faces—and still* 
worse on gilt faces, pame into existence, especially as* 
gold hands of that small size have npt even j;he vulgar 
merit of bmng dearer than steel <ones. 

Winding keys ^are generally made too shortfm the 
stalk or leverage, which makes^he clbck harder to wind 
and tends to strain the arbcflr besides, as ycm'ifiay see 
from considering that if the stalk was very short indeed 
any ftgee applied to it would be chiefly consunied In 
trying,to .bend the arbor. As there is absolutely no 
advantage in % short key, tbis is one of the masiy 

H 
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iastanres of doing Wrong for the pleasure of when it 
would be quite as easy to do ri^ht and the effect much 
mof^ pleasant. All my seconds pendulum clock keys 
are 3 inches lon^ or more: keys for small clocks may 
He 2^ in. The French 'soring clocks without fusees, in 
which the winding is very hard towards the end, have 
keys like a^very large watch key or a piano-tuner, to 
prevent tile strain upoih the arbor. But this makes the 
winding a much longer operation and a very unpleasant 
one, as you have to stop at every half turn. Sometimes 
such keys are given with small English fusee clocks, 
for which there is no excuse. You should take care 

m 

that thinwood or ivory on the handle of a key is quite 
loose, or it increases the resistance materially. 

Year clocks.''^.Ipcks without striking parts are 
Boifietimes mlide to go a month, and occasionally even 
a year. For a*month they only require one more 
wheel and pinion with a multiplier of 4, between the 
cei^tre and £^at wheels. Year clocks require 3 wheels 
below the centre, and the pinions ought to be of 10, 
10 and 12 at least, on account of the great weight 
'required, which will have to be still greater if the 
^iuibns are of low numbers. Assuming the clock to go 
380 days, and the,barrel to have 16 turns as usual, the 


predttOjt of the 3 wheels must = 


380.24.12.10.10 
16 ' 


for 


which 100, 90, and 76 mil be the best numbers. This 
is far ff&CCer than trying to do it with only two wheels 
of 192 and 190 (the lowest possible numbers), and 
pinions of 8, in which the Motion will be very tnuch 
greater. The best way is to have two barrels and 
gECut wheels acting on dfle long pinion of 12, with the 



OLOCK CASES. 


I 




H7 


• 

weight hung by the same string from both barreJis by a 
pulley which only tur&s while you are winding up; 
•and there must be a windings stop to each barrel. / 
Clock cases are necessasily confiect^d. with t h^ 
construction of the clock. J'ffe old tall case ^with a 
base as big as the top, standing on the floor instead df 
sgrewed to the wall, is sufficiently exploded to require 
no more to be said against it* The case tfeed be no 
longer than is required for the pendulum, as the 
weights can have 3 lines, or smaller barrels, or larger 
great wheels, of which the last is the best. The weights 
themselves of course have to be half as heavy again as 
with the fall one half lopger. The best case for a 
superior clock is one of which the front and sides take 
off together. There need be no d»or to the face, but 
only small brass or white metal shutters ’over ^in<fing 
holes in the plate glass frqnt, whicli enables you to 
lock up th§ clopk completely and leave anybody to 
wind it up. Ornamental case making 1 llave nothing 
to do with, and it is not much of an exaggeration to 
say that the value of the inside of a cluck generally 
varies inversely as the decoration of the outside. • 

Day of the month clocks. These are nSkrlf 
obsolete, partly because people generally forgot to re¬ 
set them ^ the end of the short months, and also 
because the figure^ were too small to be seen except 
very near. They had a rounA platS^with 31 divisions 
engraved on the fronf, which appeared tlirougn*a hole 
in the main dial, and the edge of the plate was cut into 
62 ral^et shaped teeth which were driven by a sin^e 
tooth in the hour ^heel, one every 12 hours, find kept 
steady by the prossure a sli^liit spring when the tc^h 
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was n^t acting. I haye seen some clieap^locks by a 
Mr. Taylor of Wolverbampton/with complete self-ad- 
jus^g month-work, but l^ey are all open to the same 
^practical objectibh that the figures too small to be 
seen across a room. ^ 

EqiiiAtion dfMime clocks* A still more obsolete 

contrivance, but wor^h 
recording for the prin¬ 
ciple of its machinery, 
was that for making 
the hands of a clock 
show solar instead of* 
mean time, at least in 
a rude and approxi¬ 
mate way. Afl in this 
figure is a bevelled 
wheel on the centre 
'wheel arbor, which in 

this case is made to 
¥ 

turn the wrong way 
round, and another 
equal bevelled wheel 
pi rides upon it, with 
a hollow spindle be 
to which ihe minute- 
hand is fixed. Betwefen 
these two is another 
small bevelled wheel of 
any size, which would 
merely reverse" the 
motion, if it was set on 
Spindle or arbor. ^But it is not, for it rides on 
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tbe end of a bar or lever D which itself turns upon 
the centre arbor and has its end D beyond the wheel 
resting on a plate of the pdd jshape shown at Qg, wluch 
IS fixed to the face of a wheel which turns in a year. 
Now if the lever D E, or the centre of the Imall wheelT^ 
is moved at any time in*the slide dire^ion as the hand 
is going, it will evidently push it forward just twice as 
n&uch as the lever itself is moved^and vice verfiii. If then 
the equation plate Qg is on the right side of the clock- 
irame, the hand will go ahead of its mean motioh when¬ 
ever D drops below the mean radius of the plate fi^om O 
the centre of the year wheel, and will fall behind mean 
time when the protuberant parts of the plate are upper¬ 
most. The plate then may*be so shaped as to make the 
advance and retardation of the hand agree with the 
'sun before clock^ and '^sun after clock ^ o^the equation 
of time. • 

There arp two other waj’s of giving ‘a secondary 
motion of this kind; one, by substituting a common 
small wheel or ^nion for the* middle bevelled wHeel, 
and putting it between Aa made as a common wheel, 
and Bd made as an internal wheel, Le. with teeth inside, 
its rim; but in that case you mijgt remember that 
and B will have diflbrent velocities, and therefore A 
must tumrin less than the hour. TThe other method 
requires neither bevelled nor internal wheels, and «non 
the same principle as the oii^ 1 shall describe more 
fully at fig. 39 under train r^n§ntoir€». • 

Clocks for showing other celestial motions are mere 
curiosities, and are always getting out of order from. 
their complication; so I shall not waste time in de-‘ 
scribing them, but^o on to asmething more p^acti^al. 
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KAINTAININQ POWERS OR*' GOING BARRELS. 

Winding up «.clock evidently the action of the' 
gceat «Vee\, an^ ao tVe c\o(^ movement 
vtopa for the thonghf the pendulum goes on swing¬ 
ing. This of course will not do in a dock of any accu- 

curacy, whether *'a 
large or a small 
one, and as the 
same methods of 
keeping the clock 
going (or some of 
them) are applied 
to bothj I shall 
describe them all 
together here. 

The, oldest of 
dll the plans is 
Buy gem* 8 endkss 
chain. In this 
drawing P in the 
* going wheel ’ is 
a pulley fixed to 
the great wheel of 
the going part, 

, ^ *and having short 

spikes Aot in it, or roughened in some other way so 
as to prevent a rope or a chain hung over it from 
^ slipping. A similar pulley rides on another arbpr y, 
’•which may be the arbor of the great wheel of the' strik- 
ing^part^if the dock has a?je, and attached by* a fatchet 
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and click to l^at wkcd, or to the dock-fraaoe if there ie 
no striking part. The.weights are hung as you see, the 
little weight being only Jbig ^ongh to keep the string 
*iii the pulleys. If you pull b the leik haand of all the 
strings down, the ratchet psOiley mome# under tla^ 
click, and the great weight ft fulled jap by c, without 
taking its pressure off the going wheel at all. This 
plan was generally used in the old 30 hour^^lochs, but 
went out with them, aa the action of a chain or even a 
rope hung in that way is rough and uneven; Ifltd mo^e- 


• * 


Fig. »5 (for next page). 
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oyer the pulleys must be of only half the usual diameter 
for the same time of going. r 

Harrison’s going barrel ia the maantaining power 
used in all regulators now. The larger ratchet wheel r' 
^ fig. 25 is *the one designated by the same letter in 
fig. 22 f and the^click iS fixed to that wheeh which is 
connected with the great wheel by a spring S S'. While 
the clock ia going the weight acts on the great wheel 
G through the spring; Wt as soon as'you take off the 
weight By winding, the click Tr, whose pivots are set in 
the firame, prevents the great ratchet &om falling back, 
and so the spring stUl drives the great wheel during 
the*^ime the clock takes to wind, especially as it 
need only just keep the ekeapement gomg, for the 
pendulum will take care of itself for that short time. 
The»drop of t^e grel?click over the teeth of its ratchet 
may be heard every 10 minutes or so while the clock is 
going. Good watches havd the same apparatus. 

Bolt and^utter. Another contrivance, which is 
now* used only in large clocks, is & arbor with a 
weighted lever at one end of it, with a click in the 
form of a spring bolt on another lever; when the 
weighted arm is lifted up the click takes into the teeth 
of somb one of the train wheels, hnd the weight then 
keepwthe block goihg till it works itself out*>of gear in 
a few minutes and drops. The weighted lever is outside 
the clock and is made witji a cap or shutter which shuts 
over the key-hole ^hen it ^ down, to make sure of your 
lifting it before you* begin winding. With the usual 
ingenuity for doing things wrong, this click is very 
often made not as a sliding bolt, but with a hinge, so 
that thei;!8 is one position*ef the lever in which it jams 
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against the teeth and stops the clock for good^ nnless 
the winding man finds ^t out and releases it, wlfich he 
probably will not. Sometimes too the cHcJl sticks^nd 
*sometime8 it slips, even if made r^htly. Thefe is 
another defect besides in the ctpnmon bolt mild shutter^ 
viz. that it may work itself tdoVn and .rest npon th^ 
winder or key before the winding is done i| the man is 
sibw about it, and then it does no good and the clock 
stops for the time. * 

Improved bolt and shutter. To preuvnt these 
evils, and to simplify the construction, I introduced the 
plan of substituting for the ‘ bolt * a segment D (see 
fig. 41), of a small wheel suited to the teeth of the gseat 
wheel, and making the arbor C, which carries that and 
the shutter M, to pump in and out of gear, and the 
shutter not covering the key-hlTIfe, but made ^ a 
circular arc to the centre C, which ay but touches the 
winder wh^n it is on. The winder has a ring, the 
dotted circle nCtir M in fig. 41, put round its end, 
which prevents ^ from being*put on ui^l you have 
lifted the shutter, and put it into gear with the great 
wheel, to hold it up. As you go on winding, the clock 
goes on and the shutter descends, now behind the 
which secures your pulling it out of gear again when 
you take off the winder, and yet it •wiU keep in action 
full 10 minutes if left to work itself out. Mr. Dent 
now generally usea this plan in his Igrge clocks. 

1 shall describe hereafter \nothes totally different 
plan for keeping a very large clbck going when the 
win^jing takes a long tbne; but as the spring g(^g 
barrel does very well for smajl clocks, and the improved 
bolt ahd'shutter for my bu^.a clock of quite^ 
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size, I sliall postpone that description till we come to 
the Westminster clock. For tl}e same reason I need 
not Repeat ^he description of Mr. Airy^s going barrel, 
whic& was appli^ed to the Exchange clock, but is so 
^expensive tkat it is cerl^n never to be used again. A 
^11 descriptioi) of it wao ^ven sby him in voL 7 of the 
Cambridge fliil. Trans. The object of it was not only 
to keep the power always on the clock, but exactly the 
same power; for the j^ower of the spring falls below 
that of« 4 he weight, and that of the bolt and shtLtter 
doubles it just at the times of putting it on and taking 
ib off; but that is of no consequence, except in a 
revolving pendulum clocks for which the apparatus was 
invented; he has since sHnpliiied the construction, 
but it is still an expensive one, and the thing can be 
doi\e at -ig- of th^cost by the Westminster method 
without either loi^s or duplication of force. 

Spring clocks. Hitherto we have supposed all 
clocks to be kept going by a weight. 'But many clocks 
have no weight and have a spring madu of a long ribbon 
of steel coiled up in a barrel for their moving force. 
This construction hCwever belongs so peculiarly to 
watches that 1 shall defer the description of it till we 
come tto them. I will only mention here that the 
French clotf*k8,likee French and Swiss watches, generally 
have the great wheel fixed to the barrel, which of course 
makes the force on, the train unequal. In that case the 
barrel ^bor goes«loose /hrough the barrel ends and is 
fixed to the inner end of the spring, and has also a 
strong ratchet squared on to^it, with a click on the 
dock frame, which holds it >^en you are not winding 
up. ^nd a barrel of tl^ kmd is of itself a * going- 
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barrel/ for it keeps the power on as much while you are 
winding as at other tiiues—^iu fact rather more, flngligh 
spring clocks always have a fusee with a cbaiui majie as 
in the view of a chronometer moveiaent at fig. ^9^ to 
equalise the force on the train*, • * - 

1 understand that this class of clocks are now soliS 
more than any other, ix.j spring and fusqp clocks with 
lialf^second pendulums^ either in cases matle to stand on 
a bracket or to hang up against a wall. The American 
clocks have become so 'bad through the vietent com¬ 
petition in them, that I am told not one is sold now 
where ten used to be. But the old-fashioned English 
long clock with a seconds pendulum has not regamed 
its place, and no wonder,*for a more ugly and clumsy 
and cumbrous piecQ of furniture was never contrived. 
A clock with an equally long anTT a better pendu]um, 
and with weights instead of springs, and only two- 
thirds of t]ic length, amay be made for less money. I 
have no doubt that if any man with capital, tiixM^ and 
spirit, and real knowledge of what is essei^al and lion- 
cssential in dock-making, would establish a factory for 
making clocks, as Mr. Hol^bs has for making locks, he 
might do it with the same success and advantagejbot^ 
to himself and the ffublic, making a far better machine 
than eith^ the American or French cloeks, for less 
thaifthe usual English price and more than the usual 
profit. 


BLECTRICAL GLOGK^. 


A *8elf-winding or i^pietual ^motion clock is a 
chim&ra*of the same order ' the philosoph^'s^tone/ 
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and even still more visionary; for I do not know that the 
transmutation of metals is demo^strahly impossible, but 
perpn^tual nation is, so long as the present laws of 
natuiPe remain. * 

^ And this M equally trpe whether the earth or a per- 
©anentmagnet 8upplies«tke attraction wliich is to move 
the machincr I’or it can only move under the action of 
gravity by ^e&on of the centre of gravity of the whole 
descending, however the' action of it may be complicated 
or disgirtsid; for the heavy parts must jilways prepon¬ 
derate over the light ones. Then a time must come 
when the centre of gravity has got as low as it can; and 
after that how is it to get up again? Clearly it never 
can by any action of its own, because that would require 
the light parts to pull up the heavy ones. Exactly the 
samp reasoning apples to a permanent magnet; for 
when that part of the machine on which the magnet 
acts most strongly has got as near to it as ppssible, it is 
manilbstly, and k fortiori, impossible fdi* it to tear itseK 
away again, as the force increases efibrmously as the 
parts get close to each other. There has lately been 
a paragraph travelling through the newspapers about a 
^If-^inding clock, which the editors evidently believe 
in, as they do in flying machines ^d other mechanical 
prodigies belonging*^ to a different order of nature from 
that which subsists yet. Either the inventoFlias 
deceived himself, oi^h^s clock is a clevbr conjuring trick, 
like Eobert Houdin's famous dial and hand without 
works, or he avails liimself of the variation of some 
natiral,force, such as the expansion of air or mercury, 
in different temperatijres, whi|j|^ has been done long ago, 
and is^^.Vnuch a self-moving machine as a wiiidirfill is. 
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It would be easy enough to make a wind-winding clock 
if it was worth while. • 

What then is Ae differej^ce between this an^ an 
‘^electrical clock kept going by temporary magnets made 
and unmade by a galvanic battery ? Simf ly that the ** 
clock can unmake those mafiftts by^an insignificant* 
exercise of force in breaking the continuitja of the gal- 
vduic circuity in which there is no attracti€^^ between 
the parts^ as there is between the magnet and the iron. 
When the magnet is unmade, the piece ^^ich it 
attracted can fall back again, and so a reciprocating 
motion is got, which may be as perpetual as^ the duration 
of the elements of the battery, of which one must'iDe 
used up exactly as if it wbre common fuel burnt, and 
force got out of it in that way. 

Bain’s clocks. The first planTbr pur^ely electrical 
clocks was Mr. Bain's, who made the f)enduium receive 
its impulse from electricity f the bob beink hollow and 
passing over twef soft iron cylinders mad^ altemhtely 
into magnets at* each beat of the pendulum by* its 
making contact with a small sliding piece. But this plan 
failed, and of the three pendulums which used to go in. 
Mr. Bain’s window in Bond Street while his ahop» 
existed, some one wa*^ generally stopping, or going so 
feeblf^ tha^it was evidently going to'stop vel^ sooif. 

Shbpberd’s clocks are on a plan much more likely 
to answer. They* have in fiyst-Mb electrical gravity 
escapement, raising a pallet by a temporary magnet 
which acts on the pendulum when swinging in one 
direqfiion, either lifted with it as far as the pendulum 
may gb, or lifted on to a d^f^d escapement pallet attached 
to thtf pdndulum, which is fjrobably the betfcNpjM. 
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The connection of the pendulum with the clock train^ or 
any number of clock trains, is made by a pair of common 
recall anchor pallets worked backwards and forwards by 
the magnets, which are made and unmade at every beat,* 
^s in Bain% clocks, awi in the still earlier electrical 
«dials of Professor Whetstone; which were driven by 
electrical connection with some common clock. If you 
take the T|^ightoff a common clock and move the pallets 
backwards and forwards you will drive the train, but the 
wjrongl^ky; and therefore these electrical trains must 
have their scapcwbeel and pallets reversed, but in other 
respects the^r may^b^ like a common clock train. 

%uWMr. Shepherd made another important altera¬ 
tion, 4 )y ^arranging his ma*gnets so as to repel and 
attract alternately, instead of leaving the separation to 
be »done by, gravity. The bars or armatures, acted 
upon by the temporary magnets, are themselves per¬ 
manent ones( in the form 6f two* flat pieces, of steel put 
across the pallet arbor with their noifh and south ends 
reversed, over the ends of two soft hdfseshoe temporal^ 
magnets. At one beat of the pendulum, say the left, 
.connection is made with the — pole of a battery by 
«a slight contact spring near the top, and the current 
sent abcordingly through the wird which, surrounds and 
maghetised’ the left horseshoe so as to attract the*adja¬ 
cent ends of the pallet magnets, and the right horse¬ 
shoe the opposite# vny,^ to repel tUem; at the other 
beat the contact* ts mad^ with the + pole of another 
battery and the current sent the other way round 
both magnets, and so their poles and their attrq^ctiofn 
and repulsion are reversed. The other wires both 
bat/sc^es are soldered together and ultimately con^ 
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nected with the pendulum cock after paining roiyid the 
magnets. • 

The Time-balls at , Greenwich and athe Strand 
*are let off by electrical connection«with the Eoyal 
Observatory clock, thus:—the'icircuit is oftly complete**^ 
when two contact springs pressfd •together by 
pin in the scapewheel, and another pair b)i the minute 
b&nd or centre wheel, and another by the l^ur wheel, 
all concurrently. The pin in the hour wheel (which 
turns in 12, or it may be in 24 hours) may l 3 fllmade.to 
fix anywhere, so that you can alter the hour of dis* 
charge. The best way of making the cj)ntact in all 
cases seems to be by a platinum spring coming doVn 
upon a platinum point, because that keeps itself clear 
of dust: it seems idso that a rubbing contact does not 
answer for electrical purposes, nor a wire oiwpoint dipping 
into a cup of mercury, though any one would probably 
expect otli^wise of both of them. The* discharge of 
the ball is done by a trigger with a long l^er armature 
pulled by the mTfgnet, when it is made by the comple¬ 
tion of the electrical circuit in the way just described. 
The ball is a large wicker-work globe cohered with 
canvass, on the top of a piston which slides in a sMt im 
the pole, and falls hito a bell-mouthed tube Vith a 
small air hole in its lower end, 8o\hat thd air cfieQks 
the sudden fall of the piston and yet lets it go down to 
the bottom. NoPwithstandin^^thak simplicity and 4 he 
apparent infallibility of tbis^anrangezfient; I am told by 
persons who have observed it regiuarly, that the Strand 
time-ball does fail sometimes—as every thing eke does 
whiclf depends on the certainty of electrical action, so 
far as *L hhve heed able to astertain. * 
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Joi^ps’s electrical corrector. 1 give this name to 
a plan which was invented a fcw.years ago by Mr. 11 . L. 
Jones, the general manager of. the Chester station, for 
keeping a number of even bad clocks right by electrical* 
'Connection ^ith one goocl one; and which has the great 
advantage of 4iq|t requfiilLg absolute certainty or con¬ 
tinuity of attion. If the pendulum of a common clock 
is made Jike Bain’s pendulums, Capable of being 
attracted at each beat Sy a temporary magnet made by 
an clcct?!6al current from a standard clock beating the 
same time as the other ought to beat, a very slight 
amount of n^aguetism is sufficient to keep the inferior 
(ddbk in exact agreement with the standard one; and it 
will not signify if the maghet fails for several beats 
together, unless it fails until the error of time exceeds 
oner beat of« the pendulum, after which the magnet 
would make it worse until a full double vibration was 
lost or gained. It is true that these are npt electrical 
clocks in tjje sense of having elcdtricity for their 
moving force, and so dispensing witlTwinding up; but 
that is of no consequence for it only takes a few 
.minutes even in a large clock, and anybody can wind 
4ip 0i clock when there is nothing else to be attended 
to, anM therefore it is an operation which cannot 
b^ Skid td have any money value at all^-except to 
be sure when it takes a man a whole day, as at 
Westminster. Th<>- 5 r|t clock which was used as 
the standard one lor this purpose at the Chester station 
W3i#'’the small gravity escapement clock sent by Mr. 
Bent fbr trial by the Astronomer Hoyal. 1 hope this 
invention will not encourage the making of bSd de- 
pen/lriih'clocks instead of ^ood independent dues'. 
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By this contrivance also the-uncertainty of electrical 
discharge of a time-hall* is got over. The ball on the 
Victoria Tower at the Colhngjrood Dock at Diverpoid is 
*let off by mere mechanical action irom a strong dock 
below, which is kept right by dectrical cohnexion on 
Mr. Joneses plan with the dotk at j^e ObseiVatory • 
under the management of Mr. Hartnup; and so is the 
Town Hall clock. • 

STRIKINa CLOCKS. 

The simplest form of a striking clock is represented 
in fig. 26. It only strikes one at every Jiour^ which 
is sometimes more agreeable than striking the full 
hour^ especially where you can easily see at once 
what the hour is. It is very seld^ that anybody has 
to count the striking of a clock except ki the night. 
Striking one requires no striking part, or separate 
machinery to be wound up, the hammer* being lifted 
by a snail (or sometimes, but worse, by a jjpn) on any 
wheel which turns in an'hout, and dropped as the 
minute hand reaches the Jiour. It cannot be done 
however without affecting the friction of the dock, and 
therefore its rate, except with a gravity escapemen^or* 
some equivalent contrivance to prevent the inequality 
of force fro0i reaching the pendulum; and the remark 
which I made at page 143 about the importance of 
fitting the dial spring on to Ijier c tg n tre arbor with* a 
square instead of a round *hde,^ applies still more 
strongly here, as the friction of that spring has to over- 
C(nne»the resistance of the hammer spring. Th(f shdH; 
spring against which the hammer shank falls is ^ pre¬ 
vent it from jarijng on the bdf, and this is necessary 41 
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ereiy, ease both in lar^ and small clocksj unless some 
other contrivance is resorted to for the same purpose, 
such as 1 shall speak of i^nde? turret clocks. In com¬ 
mon clocks thifr check is given in a simpler way, as 

26. 



shown in fig. 27, where the square top of the stiff 
spHng^S butts against the square piece on the hammer 
shank, whose own elasticity lets the hammer strike the 
bpUhfAad then pulls it blS^k again jost^ out of contact. 
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A piece of vulcanised India Tubber tied round the pillar 
also answers very welL » 

This ^is a front view of common eonstraation 
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of ai^ Englisli striking clock; the foreign ones are 
different, as 1 will explain presently. The wheels 
sho'ipi onl3^ by circles (w^th p few of the scdpewheel 
teeth) are^ within the frame; only those with teeth are 
" outside, and they are indicated by the same letters as 
-in fig. 22. Tkejiammdrttail iS raised by 8 pins in the 
second wheel of the striking train, which corresponds 
to the cei^re wheel of the going train. The pinion of 
that wheel generally has 8 leaves, and is driven by the 
great wBJfel of 78, which therefore turns in 12 hours; 
not that that is at all material, and of course higher 
numbers wo^ild be better. The striking wheel drives 
the wheel above it once round for each blow, and that 
wheel drives a fourth, in which you see a pin P, six or 
any integral number of turns for one of the third 
wheel, and the fourth wheel drives a fly to moderate the 
velocity of the train and the time of striking. 

The numbler of blows to* be struck is reg^ilatcd thus : 
the dial-whpel N has a ^n on its face*which raises the 
piece LON a little before'The hour, just far 
enough for it to lift the long click C out of the teeth 
of the rack B K B V, which then falls back (helped by 
<a spring at its tail) as far as its tail Y can go by reason 
of th^ position of the snail Y on "the hour-hand wheel; 
which has'^teps in*it, one for each hour, so |s to let the 
rack fall the distance of one of its own teeth for every 
hour the clock ougiMo^strike. TUls fall of the rack 
makes the noise' called teaming a few minutes before 
the clock strikes, 'the reason why it cannot begin4o 
stkike yet is that the pin P cannot pass a stop wl}ich«is 
turned inwards from the lifting piece, through *a large 
Iml^nolhe frame, until that piece drops again, which it 
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does exactly at the hour by the adyance of the pin in 
wheel N. Then the striking train is free^ and that 
^Jittle piece KG, called the $ath€ring pallet^ whioS is 
squared on to the prolonged arbor. of the t^ird wheel, 
gathers up the teeth of the ra^k, one for each blow of. 
the hammer; the click is lifi^ed as esftsh* tooth passes, 
and prevents the r^ack from Mling again, an% at last all 
the teeth are gathered up and the tail of the pallet is 
stopped by the large pin K in the top of the raqlc, and 
the train can go no further. 

The great feature of this English striking work is 
that you may ^strike' the clock as often •as you like 
within the hoyr, or stop ij any number of hours, and 
yet it will always strike right, because the striking 
depends on the position of the snail attached to the 
going part, and not at all on the numbef last struck. 
These clocks are therefore ^metimes* furqished with a 
string to th^ outride, from the click, so that you can 
pull it in the night^nd hear the hour. Bui this is just 
the wrong way of doing it; for if you hold the string 
too long the click will miss some of the teeth and the 
clock strike too many, and if you drop it too suddenly 
the rack will not havq fallen its full distance and^tWl* 
strike too few. The right place therefore ^to pu^the 
string is to*the lifting piece, as at P. (The piece Qg 
belongs to something else which I shall speak of pre¬ 
sently.) • ^ ^ 

Strike and silent. There are several ways of 
tmowing the striking work out of gear, so as to keep 
t&e dlpck silent. 1 think the best, though not t!he 
usual Qne,«is that shown in dg. 27, !i small levar\whose 
end w falls befeie and stops a pin in the rack wlielhthe 
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other* end of the lever is put up to si by an index or 
handle coming through the e^e of the dial. I have 
seenf methods used which are very likely to stop the 
going as wejl as the striking of the clock, by leaving 
^ ^the rack to fall. ^ 

It may save ptiople a liUle time if I tell them what 
hardly anybody seems to know, that you may move the 
hands of hn English clock forward through all the hours 
withoiKfc i^^itiug for any of them to strike^ except 12, 
where the rack-tail has to get over the great step in the 
snail i and even that is often provided for by sloping 
the front of that step and the face of the pin V, to let 
the snail push it aside, the t^ail being elastic enough to 
give way a little. In the same way the tail of the 
lifting piece atN is*” always twisted a little to ‘let the 
lifting pin pass it backwards without lifting, so that 
you may turn the hands b^ick and the clock will not 
strike at all, unless it has already given warning. 

The snail is sometimes set on a separate wheel below 
the hour-wheel and moved by jumps by a pin in the 
minute-wheel M; this apparatus is called the star wheel 
and Jumper; but I can see no use in it, and therefore 
bhail describe it no further. . 

Locking-plate cStriking work. The principle of 
the striking work still used in all foreign clocks, French, 
German, and A merica n, is showii in this drawing, 
though the actual arrangement of the pieces may be 
different. It is generally used also in English tur^t 
clicks, You see the rack and its click are gone, and 
instetd there is a wheel Y called the locking plate or 
coni§%heel, whicli turnjj in the 12 hours, and may 
therefore be put on the arbor of the great striking 
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wheeli or diiven by the piaion of the striking wheel. 
It may be considered tuS marked out into 78 divisions, 
«^Lad notches made in it •at the distances i, 2, 3,^./ 
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into vbich a lever O Q can drop^ which is connected 
with the lilting piece. That fs generally made with 
two ^tops upon it, one adittle behind and below the^ 
.other; and,the pin P an the pin-wheel stops against 
•the first when the clocl^ has done striking, and against 
the other when ‘the lifting piece is lifted by the wheel 
N in the dial work. But I have introduced an altera¬ 
tion in this respect in «ome turret clocks lately made, 
becaup#* one of the stops on* the lever must be out of 
the right position for direct action of the pin. Instead 
of two stops on the lever, there are two pins on the 
T^ecl, P and p, one a little behind and nearer the 
centre of the wheel than tl\p other, and 'p is caught by 
the stop when it has been lifted high enough to let the 
first pin P escape and ^ give warning.' 

5 ?here is, ‘ or ought to be, a disc C with a nojch or 
cam in it oq the arbor of ,the third wheel, which turns 
once for each blow, and moves fastcrx than the locking 
plate, and ctherefore is more certaj;} to lift the lifting 
piece quite out of the way of both pins before the pin-* 
wheel gets once round; otherwise the clock might be, 

' and clocks without this cam sometimeiHirc, prevented 
'frdhi ..striking at all, especially if the parts are not 
ad^sted with g^eat precision. The lifting piece 
evidently cannot fall again until another notch in the 
locking plate comes under the tooth Q. Sometimes 
the lifting piece^ I7D N Q is made in two pieces, one 
lifting the other, but I ^ee no advantage in it, except 
where the pivot C happens to be at* an inconvenient 
distance from the locking plate. In turret clocks with 
three^iT^eheeled trains it is generally more convenient to 
msCSe the wheel G turn twice for each blow, and then of 
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course there must he two cams^ as shown in 41. 

And I have also had it done by a small wheel with as 
many cams as there are. pinp^ set on the arbor 0^ the 
striking wheel, in small turret clocks where the 
striking is done by the second wheel as in Souse clocks,^ 
and the pins on the third wheel, theofly-pinioil being 
the fourth; see fig. 31, page 187. • 

‘ For striking one no lift by^the locking jplate is re¬ 
quired, but only a long notch reaching from 12 to 2; 
and for the same reason the clock can be made to strike 
one at the half hours by dividing the locking plate into 
90 (= 78+12) and leaving a wide notch l^etween every 
two hours, and putting a half-hour pin into the wheel 
(fig, 28) besides the hour one. Most of the French clocks 
are so made; but they have the inccmvenience of striking 
one three times between 12 and 2. Th£ far greater 
objection to the foreign plan altogether is, that if the 
striking on#e gets wrdhg, or stopped from* not winding 
up, or let off by accident, or the clock^stopped by 
housemaids, it strikes wrong* afterwaids, until it is 
struck round to the right Jiour again. The American 
clocks have a wire specially provided for this purpose/ 
but the French have not, and you have to put your 
finger in behind the left side of the clock and lift the 
lever you ^1 feel there, to make it*striliB al often aa is 
necessary to bring it right; which is a great nuisance, 
and to some people almost or quaie an impossibility. * 
Quarters. If the clock ^ fo strike the quarters, a 
third 'part^ or tiedn of wheels is added on the right side of 
the going part, with as many bells and hammers lEis may 
be re^uir^d. There is indeed a method of maj^g the 
same striking .part do both fdr the hours and qualitef s, 
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but it is complicated and probably saves nothing in 

cost; and of course requires a xxMicb heavier weight or 

stro^er spiking, and stronger wheels, if it is to be done 

effectively! The construction of the quarter part is 

.substantially the same as of the hour striking part. If 

" there are only* atbells, the % hammers are lifted by pins 

on each sidfc of the striking wheel, or they may be the 

* <• 

same pinsjf the arbor pf one hammer is put above that 
of the^other. They should be so placed that the inter¬ 
val between each pair of blows or each chime is twice 
that between the blows of each chime, whether there 
are 2 or 4 bells. When there are more, the interval 
between each cliime requires to be as much as 3 spaces 
instead of 2. When there are more than 2 bells the 
hammers are workqd by a chime barrel, because the 
chihaes are not generally the same thing repeated, as 
they are with ding dong quarters. But this belongs 
more to turret clocks, under which I shall go more fully 
into it. TJie chime barrel is generally put on the 3rd 
wheel, but it would require less force to turn it on the 
2nd, for the reason I gave before, that the more wheels 
‘ there are between a slow power and a quick work, the 
move is lost in friction, in a proportion beyond what any¬ 
body would expect. As the barrel naturally turns in 
an Lour, the ^oportion of the pinion and great wheel 
would be just the same as in the going part. 

'The quarters may let off either by the English 
repeating method, of by the French locking plate. If 
they are merely the same chime repeated 2, 3, and 4 
tidies, the repeating movement should be used, as it has 
the sajifm advantage as in the hour striking part. But 
if e«ch'quarter is a different tune, it should not be used, 
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because repeating the striking of the quarters in that 
case will throw the whole tune into confusion ; though 
this plain distinction is of|en orerlookecT. The»*con- 
nexion between the two striking •parts,, when the 
quarters have the locking platb, is made by that wheel 
performing the function of the wheel l[fig. 27) in dis- 
cjiarging the hour striking, as the 4th quaftcr huishes. 

The repeating quarter movement is no1» so simple: 
the principle of it is this :—The quarters have ji rack, 
snail, &c., just like the hours, the snail bdmg fixed'on 
the wheel N so as to turn in the hour, and of course 
with 4 steps instead of 12. The rack is so placed that 
when it falls for the 4th quarter (its greatest drop) it 
falls against the hour lifting piece somewhere between 
O and N (fig. 27) so as to raise it.,and the click C. It 
is then held up by the thing marked CXq tatching hold 
of the pin close by it, ai:\^ as the* last^ tooth of the 
quarter ra6k isjgathered up it pushes Qq aside again, 
which lets the liftijjg piece drop and the hour begjn to 
strike. 

n 

There is a very simple •construction of a clock for 
striking repetition quarters only when it is wanted hi 
the night, by pulling a string which goes round a spring 
barrel, and so winds it up as far as it is allowed to go 

It * * • • 

by the position of the quarter snail on the going part, 
which stops some pin or lever connected with the barrel. 
This may be easily made to hfdicate half quarters,'for 
if there arc 8 steps in the sna*l, tjien at about 50 min. 
past the hour*'the lever could go 7 depths and the 
clock^would strike 3 dongs and one bell more ;*and 

it may either begin or end by letting off hour. 
This construction is in su&stance that of 
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watclivas, of which the striking part is both wound up 
and let off by pushing in the handle. 

Akinims. If you suppose a short hammer instead^ 
of a pendulijm fixed to the pallet arbor or the crutch of 
either kind of recoil escapement, it would swing back* 
wards and forwards very ‘^quickly, and strike both sides 
of a bell of proper size placed so as to inclose the 
hammer. ^This is the rway an alarum strikes, and not 
by the lifting of a hammer at distinct intervals. The 
hiCmmer is driven by a wheel like a strong recoil crown 
escapement wheel (p. 34) with a spiked pulley or barrel 
attached to H by a ratchet and click, over which a rope 
goes, with a small weight at one end, and a smaller one 
at the other to keep the rope stretched and to wind it 
up by. The alarum can only go when a stop lever is 
lifted by a pid on a collar which is fixed on the hour hand 
wheel by a friction spring, so that it can be set to go off at 
any hour you like. You must not wiijd it dp till within 
12 hours o&'the time it is intended, to go off, or it will 
go 12 hours too soon. 

# 

Tell-tale clock. This is' said in one of the Parlia- 
"mentary papers about the Westminster clock to be an 
inv^n^ion of Mr. Whitehurst of Derby, for watching 
watchmen and telling whether they are on the watch 
and in the propei: place all the night. That^mpleasant 
little clock which one hears striking the quarters 3 or 
even 4 times in^ some 'Westminster 4-bbey afternoon 
sermons, is of this kind, amd there are some in the lob¬ 
bies of the Houses of Parliament. There are a set of 
spikes* sliding in holes in a 24 hour dial, one for Severy 
quarter; of an hour,*^ which can be pushed in. by pulling 
a hSndle in the clock case during a few'minutes of that 
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quarter only. So if any pin is found sticking out^n the 
morning it indicates that the watchman was either asleep 
or away at the time belonging to that pin.* The jplate 
carries the inner ends of the ^ins ovepan inclined plate 
or roller at some other period •of the 24 liours, which 
pushes them all out again ready for woikthe neal; night. 

Musical clocks. Clocks that play tun^—not short 
quarter chimes, but tunes of several minute®, either on 
bells or organ pipes, are not clocks in respect of their 
music, but simply musical boxes or barrel organs turned 
by an independent spring or weight and let off at the 
required time by a lever from the clock. .And nothing 
else occurs to me as belonging to small or house clodks 
of sudicient use or importance to require notice. So 1 
pass on to the larger branch of the art, which has been 
the subject of greater improvements within the*last 
fifteen years than in the previous •century, and has 
reached a degree of Accuracy which was 'derided by a 
great authority among the clockmakers ^s impossible, 
when it was required by the Astronomdlr Eoyal for the 
Westminster clock, even qfter it had been yeiy nearly 
achieved in that of the Royal Exchange. And this 
accuracy, equal to that of the best astronomical clicks, 
and very superior to that of chronometers, ha's been 
accomplished not only without an increase,* but wTtJi a 
great reduction in the price of 


PUBLIC OR TURRET tJLOCES. 

It^may be supposed tfiat as the work of these c^cks 
only diffQi's fi^i^ that of house clocks in the sj^e of the 
hands and the weight of the hammers they* have to 
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move,»fou will only have to enlarge the machinery and 
the business is done. But there is a very important 
fact ^ the way of that conclusion: viz., that as you 
increase the^ strcfngth of machinery you increase its 
veight in a ratio as mu(Jn higher as the cube is higher 
than the square *Df any &f its dimensions; and when 
you increase' weight you increase friction, and friction 
is a word which ought n^ver to be long out of the mind 
of a clopkmaker, or at least of a clock-designer, inasmuch 
as the timekeeping part of a clock is the only machine 
whose sole business is to overcome its own friction, 
resistance of 4 ;he air, and variations of heat, and to do 

a ^ 

that in a constant and uniform manner. And there is 
this further difference between large and small clocks: 
in small ones the force or weight required to work a 
hammer of an ounce or two is generally about the same 
as is • required to' keep thq, pendulum going, and so 
the two ' parts' or trains are about egmal iti strength; 
wherpas in ,^arge clocks the lifting, of the hammer 
generally requires a great deal more power than driving 
the hands and pendulum, and therefore ought to have 
much heavier and stronger machinery. Nevertheless 
the object of some clockmakers seems to be to make 
the ^oing train of large clocks as heavy and the striking 
train as light as they can, I suppose from the-ridiculous 
love of uniformity which people have been taught for 
many years to admire ‘in the great constructive art of 
building, and which still •more absurd in mechanics, 
except where the work to be done by two different 
machines is the same. ' ^ 

Pendlt^Uin. I haf e already treated of pend,plums for 
large* as* well as small clocks at considerable length, 
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and there is little to add with reference to large flocks 
only. I will only repeat that the construction and sus¬ 
pension of the pendulum arj of primary importanee. 

The great majority of clockmakers set their faces 
against large compensated pendulums^ ^nd will use 
nothing but wooden ones. «A'nd so 4 >iig as tht clocks 
themselves are no better than they arc, it would 
undoubtedly be a waste of money to com^nsate the 
pendulums, as the escapement errors will far exceed the 
temperature one. But when you have got a first-rate 
clock in other respects, it is absurd to prevent it from 
going accurately by not giving it a pendulum, without 
which it cannot keep the same rate in hot and cold 
weather. It is true that a. 2 seconds, or even a 
second compensated heavy pendulum, is a rather expen¬ 
sive affair if well made; and with a sommon dead 
escapement probably the advantage* is on the whole in 
favour of 3*13 feet pdndulum of 2 or 3 cwt. over a 5 
feet one of 4ibout half the weight, which jvill enable a 
clock with such an cscapen^ift as I shall describe to 
keep within a second a month of Greenwich time. The 
fashion of extravagantly long pendulums‘^has very 
properly gone out, as their inconvenience and liability 
to be affected by the wind overbalances any adt'antage 
from thedi in a moderately good‘clock. •There *Were 
several in Yorkshire until lately as long as 56 feet, or 
4 seconds: 20 fe& = 2^ seci>Bds, which old Doncaster 
church had, is the utmost length I ^ould allow. 

There is or was a practice in fas'iiion with some clock- 
makers of hanging the* pendulum to the wall abo^e or 
at some distance from the clock, and connect!^ it with 
the pallet arbor, either a long crutch*pdintiug 
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upwands^ or a horizontal rod, or both. Theoretically 
there is no objection to it, but practically it wastes a 
great, deal of the escapen^nt force in the friction and ^ 
shake of l^e additional ^pivots, and renders a greater 
force necessary, or incre^es that quantity "WA on which 
we saw'that aH tHe escap^ent errors depend. There 
may be case&, however, where it is impossible to hanjg 
a long pendulum in any^other way; and then the only 
thing ^ be done is to take care that all the connecting 
work is as fight as possible (a very thin wooden rod like 
organ ' trackers ^ is quite strong enough), and the pivots 
very small and well fitting, and that all the motion is 
exactly in the plane at right angles to the pallet arbor. 
Position of clock. The worst of all positions for a 
large clock is the u^ual one, on a stool on the upper 
floof of a towbr, for the reason I have already given at 
p. 94. The ^ best* is that ^which the authors of the 
memorial of the Company of Clockmqjters against the 
plan, of the^Westminster clock w^e silly enough to 
call the worst, obviously* because Mr. Dent intro¬ 
duced it, viz., on stone corbels built deep into the 
wall. Where this cannot be done, cast iron brackets 
boltdd ^through the wall will do, or iron beams across 
the room if it is not very wide. When the clock is 
fixed as firmly as this, the pendulum may be hung from 
the clock frame if ili is itself strong enough, and the 
pendulum cock property* fixed to it or cast with it, 
though the wall is generally to be preferred for a long 
and heavy pendulum, if the clock stands near enough 
to it*^ But again it is inconvenient to have a very,large 
clock sQ^lose to the* wall that a man cannot ,get,8ome 
access tb it from behind. Therefore itor general rule 
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can be laid down for the fixing of turret clocks, except 
that firmness is the first consideration, to which every¬ 
thing else must give way according to the oircumst^nces 
^ of the tower. 1 have already mentipned at p. 93 the 
increase of arc caused by h^ging a hesPr/ pendulum 
from the wall instead* of a^strong i^pden frame from 
the ground—not a mere fioor; and as the. escapement 
ferrors vary invd^sely as the cube of the arc, the clock 
should go more than twice as well with the firmer sus¬ 
pension ; and in fact it does. 40 * 

Frame. The old established form of clock frame 
still used by all the London makers, I believe, except 
Mr. Dent, and by most of the country ones, is a sort of 
cage of vertical and horizontal bars, some of which con¬ 
tain the bushes for the pivots of the wheels, and have 
to be unscrewed from the principle bars jp order tg get 
any of the wheels out. It was a great improvement on 
this to fix^he bushes* thcmielves with sciiews instead of 
riveting them into the bars, as it enabled the wheels 
to be taken out separately, instead of aU dfopping*loose 
at once and perhaps bending their back pivots as soon 
as the front bush was taken off. Mr. Vulliamy, I think, 
introduced this plan, and Mr. Dent used it ii^ the 
Exchange clock, of which a perspective view is given in 
Tomlinsop^s Cyclopaedia under Horology. £ut he«soon 
afterwards adopted a still better arrangement, borrowed 
in principle from %e French^vho were strangely ahead 
of us in this branch of clockmaking* until the improve¬ 
ments introduced, or at any rate first adopted by him 
*acd the present Mr. Dont within the last few yeaxs. 

T^e following picture, thougl^ dated 18 ^, shows 
accuratefy ei^QUgh the general arrangement $ a large 
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THREE-WHEELED TRAIN* ^79 

clock of this kindj as I can easily explain the modifi¬ 
cations which we have since made in it. 

The great mass of the frame is a horizontal bec^ cast 
in one piece, lying on the cdrbels ancl bolted to Ihem. 
The arbor of the great strikVg wheel itiiis in large 
cocks bolted to the under ^de of /ramej«and ihh 
great going wheel (though not so in the picture) runs 
% bushes lying dn the top of the frame. The smaller 
wheels of the going part have* their bushes- in the A 
shaped small frame which rests on the grant ohe^ and 
they can both be taken out separately by unscrewing 
the bushes^ and can also be lifted off and taken away 
all together in the small frame without interfering with 
the great wheel and rope.* In like manner the second 
wheel and fly pinion of the striking part are set in the 
small pair of cocks of which the ftont on§ is show® in 
fig. 29 just under the words ' remontoire fly,' which we 
have nothing to do with ydt. The great Wheel has the 
striking cams ujfbn it as shown at fig. 41, of which I 
shall have more 0b say hereafter. The Tocking*plate 
wheel is driven by a pinion on the great wheel arbor, 
the pinion having as many teeth as there are cams, an^ 
the wheel 78, or any numbers in that proportion. ^ The 
long levers which let off and stop the striking, are dis¬ 
charged by the snail in the going part^ as wifi be 
evident enough to any one who is likely to read this 
description. I h«ve given ^ separate drawing of* the 
cast-iron pendulum bob with its domical top, as before 
described at p. 49. * 

• ^hree-wheeled traip. The superiority of. such a 
framb as 1 have just described, ii) steadiness and con¬ 
venience* of' arrangement, mer one made of lljose bars. 
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must-be evident. You observe that both the going 
and the striking trains consist only of three wheels^ 
instead of four or five as in house clocks and in most 

t I* 

of the previous turret-clocks 'which went 8 days; and* 
in the few which had ^ wheels it used to be accom- 
plished either ky very Ipng barrels and a cumbrous 
frame, or 'by a large and heavy scapewheel with a 
great nuipber of teeth in it, whidt I have already 
shown to be objectionable (see p. 96). Here it is 
managed, lirst by the use of wire ropes, which are 
about the thickness of equally strong hemp ones, 
and therefore 4 times as many coils will go on the 
same length of barrel; secondly by putting as many as 
20 or 24 cams on the great " striking wheel to lift the 
hammer (in an eight-day clock ); and thirdly by driving 
thcf dial work from an auxiliary wheel of 40 teeth, 
instead of a pinitn of some much smaller number, on a 
wheel of the train which must ttlrn in an<. hour, as is 
shown in 29. This wheel is eitner clamped to a 
collar on its arbor by thumb screws^n very large clocks, 
or in small ones by a frictiop spring as in house clocks, 
and the discharging snail and bevelled wheels arc fixed 
to the arbor. The great wheel in these clocks has never 
been made larger than 13 in. diameter (except of course 
at 'Westminster), add they are stronger for (friving the 
dial work than clubks with much larger wheels driving 
thiough a small pinion the usuSl way. The great 
wheel turns in J hours only, which also makes the 
winding much easier than the usual plan of making 
the'barrel turn in 5 or 6 hours, and saves an extra 
winding ii^hcel on the barrel and a winding pinion, 
excejic m very large clocks. 



DAY AND WEEK CLOCKS. 

In the French clocks of this kind in the 1851 Exhibi¬ 
tion^ and in Mr. Dentes original ones, the first bevelled 
wheel was on the great w]^eel, and therefore 3«1imes 
the size of the one it drives : but this involved some 
inconvenience with no adeqiftte advantage, and so J 
suggested this other way of doing fit.* The* second 
wheel turns in 15 minutes, and the scap^wheel with 
40 pins iD»2 minutes, the pendulum being sec. 

In the striking part the advantage of putting the 
cams which lift the hammer on the grea^ wheel is a 
great saving in the friction, and in strain upon all the 
work. This always used to be done in the old 30 hour 
'clocks, and the consequence of doing it by pins in the 
second wheel in week clocks is, that there is hardly a 
large clock of that kind in Englapd which is adequate 
to its work. The striking parts of York Miif^ter 
clock had to be altered from a wedk to a day. For 
bells abov» a ton, I* agree with old Mr. Reid, that 
one-day clocks are the best, except where^there an 
unusually long falf for the wights, as*may be proved 
thus:—a 40 lbs. hammer raised to a height equivalent 
to 5 inches vertically is the least that will bring the 
sound properly out of a bell of that size, and that if too 
little if the bell is a thick one. Under the most favour¬ 
able circumstances, and* striking from the ^reat wheel, 
you may reckon that the actual clock-weight will have 
to be double the tlieorctical, •i*=:4olbs. x 10 in. >f 78 
X 15'for days, which wilt be nearly 9 cwt. with 
a fall of 40 feet; and if several cranks or pulleys are 
^ hsed, the weight will hate to be a^ood deal more ;*and 
such large weights are ^pt very safe in most pl^es, and 
require a very.^trong clock fiesides. The Wcj^nster 
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clocktfs the only one I know^ where the proportion is 
much less than this, but there it will be seen that we 
adoj^ed an tinusual an'an^ement of the hammer-work 
in order to save friction and loss of power in every' 
possible way. In the quarter part, where we could not 
do the ^ame, thcKictaal weight required is nearly three 
times the Iheoreticah and so it generally is. A one 
day clock of coarse ^requires a v 4 ry mu^h smaller 
weight, not perhaps ^ less, because there is still a con¬ 
siderable IflSs by friction, but certainly J less. There 
is however no difficulty in making the going part for 
7 J or 8 J days (to cover a possible missing of the proper 
day), and 1 think the best plan is to make the clock* 
case so that only the clockmaker who has the care of 
the clock can wind qp the going part, once a week, but 
to leave the striking part of such a clock to be wound 
up by a sexton of anybody else every day. In calculat¬ 
ing the diameter of a barrel to ^it a giveH> fall of the 
weights, you must remember to make the actual 
diameter less than the Calculated, *by the thickness of 
the rope. 

• Some clockmakers still use wooden barrels, as they 
did^'when there was nothing better, 600 years ago. 
They* shrink out of shape, crack, and decay, and are 
moreover 'unsuited'^ to wire ropes, which aye in every 
way better than hemp ones, lasting longer, and 
aVeiding the necessity ,for either a long barrel or a 
very slow motion* of the great wheel, and consequently 
a great strain upon its teeth and pinion. Some of the 
bes\i provincial makers have begun to use then^ and 
this pattern of clock generally^ since the earlier editions 
of thia^book were published. The barrels may be 
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either of cast iron, which however is rather heswy^ or 
sheet iron brazed at the seam^ which is generally the 
best construction. The wire ropes should ndt be zi^ced^ 
*or (as it is called) galvanised, as that process makes iron 
brittle, and a mixture of tar and grease will much better 
protect them against rust. • • 

The striking barrel must have a winding wheel for one 
of its ends, and a^inion with a squared arbo{ to wind it 
by, if the great wheel drives the locking wheel, because 
the arbor must then be fixed to the great^heel, with 
the barrel riding upon it. In very small turret clocks, 
with light hammers, and weights which do not require 
a wheel and pinion to wind them, the locking wheel 
should be driven by a single tooth or gathering pallet 
on the arbor of the second wheel if it turns once for 
each blow, or two if twice, with a spring elick to kSep 
it steady. But 1 think it is almost‘always better to 
wind the stalking part by a pinion, in eight-day clocks 
at any rate, except in very small ones, as it ^nables j^ou 
to have smaller pivdis, and avoids a, greSt deal of strain 
on the arbor, and makes the work easier. 1 have 
already observed that the old locking plate construction* 
is nearly always used in turret clocks, as it is simpler 
and stronger than the rack or repeating movement, 
for which (here is no such reason as there Is in house 
clocks. 

It is of great importance iudiung a clock to let the 
ropes have a long run from the^b&els to the first 
guiding pulley, if they are not able to hang straight 
dowi^ without any guiding, as they seldom «ah ;*for 
otherwise the rope rubs against itself in winding, and 
wears out much sooner thaif if it runs smoothly on to 
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the barrel. This too is another advantage of the wire 
ropes, that as they require so much less length of 
barAil, thcr^ is less of this sideway strain and friction 
on them. In the Windsor castle clock Mr. Vulliam/ 
.used catgut lines with*the same object, which enor- 
mousl/ exceed cost of wire* and arc not so strong: 
but wire rOpes had not been then invented. Mr. Dent 
was the fijst to use them after they ^ere invented. *' 

Stqps for weights. There ought to be some strong 
stop fixed‘^80 as to catch the pulleys attached to the 
weights, or the ropes may get thrown out or strained 
at the end of the winding. In the Westminster, clock 
the winding is stopped at the handle, but in clocks of 
common size without so much multiplying power, this 
is not requisite. jBxccpt where the floor under the 
weights is the ground, there ought to be a box of at 
least two feet of dry sawdust and shavings with a 
cover of wood, or still better, ’stone, over it for the 
weights to^all on if a rope breaks. Otherwise a heavy 
weight will go through any number of tower floors, 
and into the vaults below, qs has sometimes happened. 

I do not give any numbers for the wheels and 
pinions, because there is no virtue in any particular 
numbers. Every mechanic knows, I suppose, that 
high nunfbered pinions are driven more*easily than 
low ones; and vhat the numbers of the wheel-teeth 
dbpend on those of the pinions. Much depends also on 
the work to be done. •For instance, if the second wheel 
has to lift the hammer, it requires a much larger and 
stronger pinion than if it ha9 only to drive the fly. Of 
the qanstruction ^f teeth and cams 1 shall treat 
specialiy in a later part bt the book. 
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I have sometimes found it possible to get a better 
division of the numbers of the wheels by making the 
cam plate C, on the second ^heel (see p. 167), to lurn 
f round for each blow, instead^of eithdr on^e or twice; 
and as the blows of the hours successively odd and • 
even, that can be done. But for one d^clock ha^ng no 
lif( in the locking^platc, the cam plate miglit be made 
simply with 3 drops in it, of whicji one would always be 
passed over at each blow by the lifting lever without 
dropping. In order to get over one o'cloclt^ for whidi 
the locking plate does not act, there must only be two 
drops at the distance of J and f the circumference from 
each other, and you must take care to set the cam plate 
in such a position that the lifting piece will have the 
long space on the circumference. tpk pass over, and not 
the short, just before one o’clock or any* of the o3d 
hours. This is the case ip the TVestminster clock 
which goes*^ dayp, and in the Leeds town hall and 
Doncaster church clocks (see fig. 41), which ^e made to 
wind up every day in the striking part, for the reason I 
gave just now. • ^ 

Four-wheeled trains. These horizontal frames* 
evidently require rather more length than a, '#ell 
arranged cage frame, in which the ^wheels stand o^er 
each other,* and they would require still more to con¬ 
tain a four-wheelqfi train. Turrets are sometimes 
made so small that a horizontal” fram^ clock even of 3 
wheels cannot be got in. The clock can be got into 
less length by making the frame something like a 
pointed arch which is also a strong form. Mr. Dent 
lately had van order for soipe clocks to be to 
Mexico, with ‘hnusually small limits prescribed for 
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thenft The arrangement on the opposite page brings 
the work within the smallest possible limits, and I be¬ 
lieve these are the strong^t clocks of the size that have 
ever been made* Thcr^ are'no loose bai’s whatever to 
. the frame, and instead*of cylindrical bushes (fig. 30 a) 
which can only flfe let in tiear tlie middle of the bar, the 
bushes are*mostly of the form in fig.^o c, which admits 
of greatenvariety of petition/and also enables the wheels 
and other pieces to be taken out singly with greater 
facility than the let in bushes. * Another_^bush, which 
is used in clocks with horizontal and arched frames, is 
that of fig. 3© b, which is the best of all for convenience 
of fixing, and adjusting the place of the wheels, and 
taking them out separately. 


Fig. 30. 



^ig. 31 is a front elevation of these Mexico clocks, 
showing as much as can be shown at one view without 
confusion, and representing the wheels only as circles 
for the same reason. * They have i sec. compensated 
pendulums with bobs of nearly cwt,; where there is 
room, of course it would be better to use ij or ij sec. 
pendulums. They are calculated. to strike the hour on 
a b^lii^f 4 or 5 c^t. wit^ quarters in proportion, and 
will dhve four 6 ft. dials very well. The whole length 
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of a quarter clock on this pattern is only 30 inchesf and 
for one without the quarters 21 inches. The flies may 
require rather more, according to the size of •the 
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hanAners and the clock weights. One fly may go 
behind the other if necessary. I may as well remind 
architects lhat there mu^t be room for a man to stand 
and wind ^up the clo^k Imsides. . The hole in the 
upright bar where the 'pallets are shown, is only in the 
back bar, whichfls widened out for it,'and the two lumps 
which form the pendulum cock are cast on the back. The 
cross banwhich carries th9 locking plate 78 is only 
wanted on the front frame, and is omitted on the back 
one, as it "would interfere with taking out the barrel. 
All the levers are so placed as to clear ihe ropes when 
they have to^be taken upwards. The small cam wheel 
for lifting the locking lever of the striking part answers 
very well: that of the quarters is in fact the locking 
plate itself. If theye are no quarters at the hour, the 
pinion of 26 should be 30, and it must drive a separate 
locking M heel of 36 which will turn in 2 hours. 

Quarters. I have postponed pa;;^ ^ bad to 

say on tf^s subject till now, because turret clocks 
have quarters much oftener than house clocks. Of the 
common ding-dong quarters on two bells 1 have little 
more to say, the construction being substantially the 
saVup in large and small clocks. When the quarters 
afe struck at the hour, the first or highest quarter bell 
must be Ihe octave above the hour bell, and the second 
a fourth below that: at least they sound very ill if they 
are not. But in my dpinion it is a mistake to have the 
four ding-dong quavers struck at the hour at all. They 
arc of no use whatever, and only waste people^s time in 
counting and wondering what is to come; and they 
eanpot be struck oh the proper notes with peal of less 
than bells. But if you omit them *At*the hour, you 
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may have quarters of [the proper notes on the isf and 
4th bells of a peal of six, or even five bells-^the lowest 
pumber which is called a pesj j and in a peal of ev£r so 
many bells you may then havft your quarters on much 
heavier and louder oncs^ for iustance the^3rd and 7th* 
of a peal of eight, or the 5th abd 9th d?a peal of ten, 
.£lambridge an^ Westminster quarter^ Where 
you have a good set of quarteiw chimes on «}. bells or 
more, with a different tune for each quarter, of course 
the case is different, especially as the tune at the hofir 
IS always the most complete of them all, as in the cele¬ 
brated St. Mary's chimes at Cambridge,* how for the 
first time, strange to say, repeated in a public clock, at 
Westminster on a much greater scale. How these 
chimes can }ia\o been so long admired by the many 
thousands of men who have all listened to tfiem for three 
years, and yet never liefor^ been copied in a church 
clock, I cannot understand. Mr. Vulliamy once had 
an order for them for^ turret clock for Lqrd Ibtansdowne, 
but unfortunately he assumed that they were on 4 
successive notes, and got the bells and an iron bell- 
imme made first, and then wrote to ask me for the* 
chimes, and found that his 4th bell was 3 notes toodngh, 
and the frame too small to hold on^of the proper si^e. 
At the Ecfjral Exchange they adopted the Cambridge 
notes, but, as old ]^r. Dent told me, they pronounced 
the tune wrong, and altered ft. I ^d that for any 
thing 1 knew, it might be wrongs according to some 
musical rule, but that nobody could hear the^Cam- 
bridgi^and the Exchange*chimes without prefemng the 
formei, notwithstanding thej^ jrere invented in%be last 
century by a ceftain Professor of Law, not Music^ whose 
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famfe cliiefly lives in some well known verses about * a 
^little garden/ by a much greater Professor—Person. 

* "Well/ replied Mr. Denl^ in his candid way,' I heard 
those Cam|)ridge chimes last year, and I must say they 
have a harmony about them that we have not got at the 
Exchange.* I sliould thiilk they have: and in order that 
you may judge of them for yourself on a piano, if in^no 
other way, I shall giv^ them presently, together with a 
modification of them which I introduced for the purpose 
Of adapting them to peals of 8 bells instead of lo, which 
the full Cambridge chimes require—except where they 
are merely the 5 clock bells as at Westminster. 

Doncaster church quarters. lu this case you 
must omit them at the hour, because the only bells 
that can be used for these quarters in a peal of 8 are 
tlic 2nd, 3rci, 4th, and 7th (reckoning, remember, from 
the treble always in peals of bells), and the hour struck 
after that on the 8th bell would bp 3 nbtes too high 
and would sound very ill. The^only reason why the 
slight alteration from \he Cambridge tune is made in 
the 3rd quarter is to avoid* the mechanical difficulty, or 
in other words, the expense, of a double hammer and 
ca\n^ for the 4th quarter heh—i.e. the 7th of the peal, 
w^ich it requires to work it properly on account of its 
quick repetition. , These 3 quarters on u peal of 8 
however have the advantage of being more powerful 
than the full ones on the ist, 2nd, 3rd, and 6th bells of 
a peal of 10, unless the 10 peal itself is enormously 
heavier. The quarters at Doncaster are heard at least 
twice as far as those at Cainbridge. They h^ve also 
beei^jfsed at Scarborough (but the bells Bvi tliin and 
feeble*),- at Predericton Cathedral, and several other 
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places now, You may even have them on a peal 6; 
but you should take caite that the hour hammer on the 
6th bell is considerably heavier than the*one which 
strikes on that bell in the quarters, to prevent mistakes. 
Here are the several sets of chimes:— 


Gainl)ridge and 
Westminster. 


zndS3«"6 

1 32*3 
( *326 L‘ 
3rd } 6213/ 

( 1236.. 1st 

hour 10 


Doncaster, 
Fredericton, &c. 

1 st 


4th 2ud 


2347' 
4237 
4324 

( 37^4 
3rd 3 7324 
(2347 

hour 8 


,# • • 

Eoyal Exchange, 
(Loddon). 


' 6213 J I 

3rd ] 1326 • I 

(32*3 ' 


4th 


• • 


hour 10 


m • 

That great bad bell of York, which hifti holes in^ 
like the Westminster bell, bj the sanrfb founder, and is 
of unequal thickness besides, might be recast into a 
more powerful (sound) one of only 8 tons,Jforming a 
very grand G hour Bell to the'B A GlD beUs of the 
peal, on which the Cambridge find Westminster quar¬ 
ters might then be struck. At present the bell is* 
useless, and not worth using, and the clock goes very 
ill and is a bad one, though made by a London firm 
who boast ^ sending turret clocks all over tlfe worlclt. 

The Cambridge chimes may be set on a barrel turn¬ 
ing in any multiple*of half an hour. It turns twice fn 
the hour at Cambridge, where they^ wind up every day, 
and twice in 3 hours in the Westminster clock which 
gbes 4 days. In the Doncaster clock, and othdrif on 
that p|^, the chime wheels are ca^ in two pairs, one 
of them with the great wheel) bn each side of it,^hich 
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wliebl turns in two hours; but all these arrangements 
may be easily adapted to circumstances. For heavy 
hammers all the cams should be faced with steel. 

Chime jtuned. Th^se^ like the musical work of 
small clocks which I b'poke of before, form no part of 
the clock; all that the dock has to do with them is to 
let them off after the proper hour has done striking; 
the mactinery is oftp'in a different room from the 
clock: at the Royal Exchange the chime room is two 
ftoors below the bells, and the clock is above them, the 
connection being only by a wire. Chimes used to be 
much more" common than they arc : the machinery was 
very rough, consisting mainly of a large wooden barrel 
with pins stuck in it to jhill the hammers. The barrel 
end has the rope oqiled round it, and it drives two or 
three wheels ending in a fly to regulate the velocity. 
The hammer levfcrs lie on a long bed which has a little 
end-way motion to shift for .the different«tunes, which 
shi^lting i% generally done by the machinery itself, by a 
snail with steps, against which the hammer bed is 
always pressed by a weighted lever. I suppose modern 
chimes are always made with a cast-iron barrel, as at 
thfe Jixchange, with steel pins screwed in to lift the 
hpmmers. Each bell generally requires two hammers 
for the blows quicljly repeated, and the whole requires 
a veiy heavy weight to raise the hammers properly, and 
considerable space, a? 4 t is equivalent to the striking 
parts of a good mapy dockis put together. 

Time of striking. The quarters are generally mad« 
to'let off the hour, as described at p. 171. But« where 
accupljy of time‘of striking is require^ this plan 
is'^ insuffleient; for it'"makes the &rst blow of the 
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hour depend on the time both of letting ofi^ and 
of striking the quarters, both of which may easily vary 
several seconds. It is therefore essentiarto accuracy 
*that the hour-striking shou& be let off by an indepen¬ 
dent snail of its own, exactly* at the hour, with the 
quarters let off the requisite^umbei»0f *secondb before 
the hour; though the other three quarters may be 
allowed to strikeP at their proper times, ii^ven this is 
not sufficient where extreme accuracy is required^ as in 
the Eoyal Exchange and Westminster clocks, which 
were to satisfy the Astronomer Eoyal^s condition of 
always striking the first blow within a second of Green¬ 
wich time. At the Exchange and King’s Cross this is 
done by a train remontoirejn^ch lets the train move by 
sensible jumps at every half minute, as you may see in 
the hands, and so there is no difficulty in letting off ^ 
striking lever exactly at the last jump of the hour. 
The hammes is also loE ' on the lift,’ or nearly ready 
to fall j which is in other respects also a' good thing in 
a very large clock, ffecause it relieves the wheels and 
the stopping pieces from a^ heavy j)ressure, and throws 
it all on the cams and hammer work, which must in* 
any case be strong enough to bear it. In this cass it 
is necessary to put a small click somewhere, to act on a 
pin in the fy arbor to prevent the frain from running 
back when you wind up the clock: indeed il is as well 
to put one always, Ss the wind^ always tends to dri^e 
the train back. You may see •them!* on the stopping 
ijjfieces in the Westminster clock picture. Where there 
i8*no ^ain remontoire, cave must be taken to makcTthe 
dischaf*ging snail large, and its corners sharp and 
hardened, and those of the di^harging lever or 
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piecoMalso. It will be seen hereafter, that the accuracy 
of striking the first blow is secured in the Westminster 
clodii^ by a still further provision, which had the effect 
of disclosing the inaccuracy of the common snaih 
construction rather disagreeably in the quarters, until 
wo pub a larger^tand shs\fper ^ail, free also from the 
shake of tliie hands. 

Begulajing and setting of hands. 1 have already 
mentioned the two modes of attaching the Icading-off 
wprk, or tlK: wheels that lead to the hands, at p. i8o. I 
have seen some clocks, and by makers of very large 
business, with no provision whatever for doing this, 
except either stopping the clock if it is too fast, or 
taking out the scape whee^sush and so setting it forward 
if too slow, which I need hardly say is abominable, A 
•i.nple plamis to make either the scapewheel or the 
pallet arbor with* one long pivot, with a spring end-stop 
against it, so that they can be drawn outnof gear with 
each other, and so the clock put forward or backward. 
Bui there^*is some risk of damUging the scapewheel 
teeth in doing this, if you arc not careful: 1 have seen 
them so damaged. * Xhe two ways mentioned above, 
or«elsc a connection between the wheel and the collar by 
a square click and ratchet arc the only proper ones. 

only/jbjcction to the ratchet is, that the spaces can 
hardly correspond to less than a minute, and therefore 
you cannot alter the clopk less tham a minute. Another 
way of doing V.his svould be to make the loose 
wheel slide on its arbor on a square, with a spring ti 
keep it in its place, and then slide it out of gear wit! 
the grfat wheel and in again with different teeth in 
ci^tQit after you have sot the hands, ^itff the gravity 
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escapement however, you have nothing to do but hold 
the pallets out of contact with the scapewheel, and put 
the clock back or let it run forward a^ long^^s is 
•necessary, the velocity befng kept tn check by the 
escapement fly as it runs. These clocks therefore do 
not really require any * hand# adjusti^nt, though it is 
generally added. • 

**The small alterations for less than two beats of the 
pendulum ought to be done by a weight laid on the 
collar half way up the pendulum, winch carries the small 
regulating heights described at p. 64. But very few 
clocks indeed will ever be altered for,auch a small 
deviation as this. I shall describe it more fully under 
the Westminster clock. * ^ 

Clock hammers. Turret clocks always strike on 
bells of a difierent shape from the hemispherical ho/USe 
clock bells, which do not answer beyond a very small 
size, as I shall explain more fully hereafter. Most 
people are aware fiiat the general shape of church bells 
is that shown in figst52, 33, GHie clocVf hammer C S is 
always fixed at right angles to the swing of the bell, for 
two very obvious reasons: first, if the bell was free tes 
swing under the blow of the hammer, the first blow of 
every hour would set it swinging a little, and at every 
blow after ^hat the bell would eitber*be out oi the re^ch 
of the hammer altogether, or else jarring against it; and 
another reason (if it is wortk*while to talk of other 
reasons after this) is, that if the hanmotbr was put in &ont 
^of the bell, all its machinery woutd have to be moved 
out 0/ the way before the bell could be rung at alK I 
explaifi this very simple matter now, which X always 
thought too clear to require 4]tplauation before, 



TURRET CLOCKS. 


19^6 

it apjl^ars that a well-known omniscient teacher of man¬ 
kind on all subjects, from an European war down to bell 
han^ng, has somehow dropped* this small piece of 
knowledge put of his Ejicyclopsedia, and has told the 
.world three or four timdfe over during the last year that 
the Westminster bells aref hung for the clock hammers 



'to ,strike upon them, * contrary tq all experience and 
'cdhimon sense, so that they cannot yield the fraction 
' qf an inch under jthe blow of the hammer': the fact 
being moreover, ^hat those bells are actually hung far 
more loosely than any church bell cs^n be in the direction 
of the clock hamtper, for*the very reason that they have 
not to swing; and they do move under the blow of the 
hammers very sensibly—perhaps rather too much. 

Tlie hammers of large clocks also differ froni vsmall 
ones in acting by gravity^ ,as you see. But th^ gilmost 
equally require a check spring, or s6me other con- 
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trivance, to keep them i^om jarring the bell: £ say 
‘ almost equally ^ because the hammers of small house 
bells are lieaTier in proportion than tho^e of cjiurch 
bells; and so the effect of ttieir bein^ left to lie on the 
bell after striking would be€nuch worse. When a 
church bell is rung up, ie., 8wingi»g dnee rmind for 
each blow, and set mouth upwards, the clapper lies on 
ftie bell, but not*so heavily ^is a clock hanamer would, 
because it stands at a higher angle. The usual kind'tff*’ 
hammer sjimg is shown in hg. 32; and it«is somethjoies 
made adju^able, by having long holes for the screw to 
go through, so that you can bring it {finther from*or 
nearer to the bell as may be required in course of time. 
India rubber buffers urfder the hammer shank are 
better in some positions, and have the advantage of 
never breaking, and being easily replaced or alteredidn 
thickness. They must be kept frbm«grease. 

I believe^it is the lashion on the continent to fix the 
clock hammers with their pivots above the bell, when it 
has not to swing; alld it has the advantage 8f securing a 
long hammer shank, and therefore less angular motion 
for a given lift, and moreover the effective weight of the 
hammer is not so much lost in the lift as it is in the com¬ 
mon position. But on the other hand, with bells* as tall 
as the foreign ones are, the hammCt shank stands nlhch 
more vertically than in the other way, and the rebound 
from the buffers ot check spr^ is greater, and a greater 
lift (obliquely) from the bell is requited to get the same 
momentum of the hammer; not tLat that imposes more 
•worjc upon the clock. At Westminster we were»ol)liged 
to adopt that plan, on account of the construction of the 
tower an! beU-frame, and there it had this in^iidental 
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advaMnge witli regard to the great bell, that we were 
enabled to get the bammer tail T directly over the 
end &f the lever iii the clpck, by setting the hammer^ 
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frame, or the pivots which carry it, a little out rf the 
cardinal position relatively to the tower, and so aU crank¬ 
ing was avoided and a vast quantity of friction saved. 

Cranks. Nobody who hasjaot tried it can have any 
idea how much of the force «f a clock is wasted by 
having to lift the hammer through cs^lfs. 'V^ere the 
h^ammers are not very heavy, you may sometimes use 
what I shall call* couple 4 evefs ffor a reason^which any 
mathematician will know), of the form in fig. 3^ a, i 
stead of a^ir of cranks j but when the hammers 
heavy, and the arbor of the lever has to be long, I find it 
is impossible to avoid some clastic torsion in it, which 
wastes quite as much force as the friction of a pair of 
cranks, and makes the Hammers rise with a tremble, 
which checks the force of the clock and strains every¬ 
thing severely. For the same reason slarge craffliw 
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shouU be made with a light connecting bar as in fig 
34 b, which increases the strength enormously and helps 
to kc^p everything steady. The cranks and lever arms 
and hammer shanks and tails should all be long. I * 
know that in modern tewrers, which are nearly always 
built toff small 6»en for properly hanging the bells, 
there is often great difficulty in getting room for clock 
• hammers and cranks at *811; but "^erever there is 
the action will be*easier and more effective if all 
these arms are made long instead of short. ^ 

When the clock is above the bells, as in the Leeds 
town-hall, and ;thc Royal Exchange, it is a very com¬ 
mon mistake to put a tail to the hammer to pull down 
first, which of course involves*the necessity for another 
to pull up again. It ought to be done (if there is 
ro*Bi) by pulling up at once from a lever set inwards 
or on the same sWe of the arbor as the hammer itself, 
unless it happens from some local'peculiarities that this 
u ould involve as many cranks as the other way. 

It Las offen been proposed to feplace the hammer 
spriug or buffers by a contrivance to catch the hammer at 
iU rebound j but I have never seen any plan of the kind 
in action, or any description of one published. If it is 
north ’doing, something of the kind which I have 
drawn in fig. 33 uodld probably answer. Tfce end of 
the hammer shank in falling would push the catch 
aside by the belly h, and it would swing out of the way 
and not return qu?ck enough for the hook c to catch 
the hammer until it has fallen on the bell, but would be 
ready to- catch it at the rebound. The velocity of .the" 
return might be adjusted both by the sliding weight w, 
and by tjic position of the fm against which it strikes 
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when it swings away from the hammer. The^only 
objection howercr to the usual spring or buffer plan is 
that it wastes so much of the force of the clocli as is 
•spent in lifting the hammer through tlie height it would 
have to fall to overcome the spring and jftst reach the 
bell. Sometimes too‘the hammer.d;oncheb 4he bell 

P • 

again after the rebound, which however is of little or 
nb consequence. • • 

The weight of hammer, abd its lift c!ln only 
determined by experiments. Diffc rent thicknesses fmd 
qualiti(*s of%ells require different hammers. 1 have 
generally found that bells whose diameter =r: 12 x the 
thickness of the sound-bow or thickest part (which is the 
best proportion) require hammers nefxrly =■ -^ of their 
weight to bring out the full tone, and I have seen some 
heavier. The lift of course has to"l*c less ^r small b«]lg 
than for large: the least that is cS’ccj.ive in bells above 
3 or 4 cwt. 6 in. (measured obliquely in the direction 
of the motion), afld beyond 13 in. wc did not find any 
improvement in the wound of dither of»the great V\’’cst- 
minsler bells. Generally they are a great deal less 
cither in weight or lift, and therefore you hardly ever 
hear a church bell sound so loud under the clock strik¬ 
ing as in ringing with the clapper. Thin bells, hs the 
larger ones of peals usually arc, do not require si/fch 
heavy hammers as thick ones; a lighter hammer and 
a higher lift suit them bette^.but it must be remem¬ 
bered that no hammer arrangepicnt will get as good a 
sound out of a thin bell as a thick one, because it is 
Bodically inferior both in/][nantity and quality of .sound. 
But shall have more to say of thiit in the ch^ipter on 
bells heredfter.. • • 

• o 
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Lifting the hammer by pins on the striking wheel, as 
in figs. 27, 28, is totally wrong in large clocks, though 
it d(Ses well enough in small ones. The pins neces¬ 
sarily begin to act a good way from the end of the 
lever, and therefore at*the greatest disadvantage as to 
leverage, and ‘thht at the^ very “time when the hammer 
is rising mdst vertically (in the usual way of hanging) 
and requij’cs the most force to liflf it. The lifting 
‘"Slfould be done by cams, which begin to act on the end 
of. the levei^ and are properly shaped to^ct wdth the 
least possible friction throughout, as I shall explain 
under the Teeth of Wheels, Pins with rollers on them 
are of very little use, and do not obviate the objection 
I have mentioned, and I thihk they are nearly if not 
quite abandoned. 

have only further to remark in connection with 
this 2)art of the •clock, and indeed the going part also 
when the hands are heavy, that 'wherever it is possible, 
the force should act on the same side of every axis or 
arbor as tlfe wol"k to be*done. Tfirret clocks are much 
oftencr below the bells than^bove them; and wherever 
that is the case the hour hammer lever in the clock can 
easily be arranged as in the right side of fig. 41, the 
cams and the wire being both on the same side of the 
a3)or of 4he lever,*' and the clock weight ^Iso acting 
between the cams and the wheel arbor. It is easy to 
sefe that if the diametci of the baiiel were exactly as 
wide as that of thfe cain*'circle, and if the hammer wire 
vrent straight up from the short lever, the striking of 
, the' vjlock would produce absolutely no pressur^e cn 
either of the arbors, and therefore no friction beyond 
that due to the constant Veight of the «parts, which is 
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trifling. But if you set tlie wire, or long arm qf the 
lever outwards (as it nearly always is), you must also 
hang the weight on the other side of the wheel ^rbor 
to make it pull the wire doYin, and wjienevcr the clock 
strikes there will be double tlfg weight of •the hammer 
and of the clock weight on both Jhose arbors, thu% 
increasing the friction enormously. The • same thing 
Gi?in be done, and«is done in some of Mr. Dent's clocks, 
with a pair of quarter hammer# fixed thus ;• with mfiifiii 
than tw'o it would be awkward. ^ * 

Fig. 35. 



T will «dd one word of warning agains^a piecv*of 
ignorance by which I remember a very fine old bell 
being cracked in m few mopj^s, viz. making the clock 
hammer to strike it with a 8ha]|;p edge instead of a flat 
or slightly rounded face. The'shape which I have 
^iven for a pendulum bo^ in figs. 8 and 29, invertq^, is a 
very good one for a large haramqr. The hapimers of 
the Lecd^ and, Westminster* (docks are all of this shape. 
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DIALS. 
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Public clocks ara oftener 'jaade without external dials 
than without bells, andj^* particularly cburcb clocks. 
Several of the cathedrals and the 1 )est church towers are 
not defaced with clock faces, as they must be wherever 
there is not a wide enough plain surface. In manj? 
-.^*i4fej?rs to b‘e sure this fconsideration has gone for very 
little. * Perhaps the worst case of all is the filling up 
of the tower windows of the magnificentf church of 
St. Mary at Beverley with dials, and dials of the first 
degree of ugliness. The striking of a bell which can 
be heard all over a town ia the thing which really 
regulates the public time; and it would generally be 
cjj^per, bettej, and more convenient to put up a mere 
going clock with one or more dials of moderate height 
and si2e in a market-place, ahd tot leave the^striking to 
the church clock, doing it well ther6 and saving the 
expenJse.of dials, which nuist be larger, and more expen¬ 
sive there than at a lower level in the market-place. 

^ 1 have already alluded to the mistakes made by archi¬ 
tects ^in not providing proper accommodation for clock 
and beil machinery, even in towers expressly designed 
for^hem. Jn most oases this only causes unnecessary 
expense and derangement of the works; but their 
ignorance of the proper ^ize of dials often causes more 
serious inconvenience. ,Mr. Vulliamy did something 
towards correcting the common mistake of providing 
insufSoient space for dials, in p pamphlet called 
sideration^ on Public jOlockSj which he published oome 
thirty years ago. But it^hj probably fq^gotten Aow: 
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at any rate it has ceased to bear much fruit, wheyone 
sees such dials as those of the Leeds town-hall 
planned deliberately, in spite of previous wamii^, of 
•about half the area proper fir their height according to 
the well-established rule that*J:he diametdlr should not 
be less than >j^th of the height froi|i*tlie ground. In 
(f^der that anybody may judge of this for himself I will 
glVe a list of the si^es and heights of some dials which 
I happen to have got from Mr. Yulliamy^s pAuphlet 
other reliable sources, including one other Resides thpse 
of the LeeJ^own-hall, which you will see, if you go to 
look at it, is evidently too small. 


Dials. 

Diaueter. 

Height. 

• 


ft. 

in. 

ft. 

Mechliu 

1 . 

40 



Westminster . . . 

4 

22, 

6 

. 

St. PauFs Cathedral 

2 • c • 

17 

• 

. 126 

Shandon Church, Conk . 

*4 • • 

16 



Scarborough old Church 

I . 

12 


on a hill 

St. James’s, Piccadilly . 

4 A • 



• 

Bow Church . 

2 . 
ft 

9 

• 

i» 

. 70 

Manchester Infirmary . 

4 • . 

9 

• 

. 8p 

Royal Exchange . 

4 • 

9 

m 

. , 90 

St. G eorge's Church, Leeds 

3 • • 

8 

4 

57 

St. Martials in the Fields 

4 • 

8 


m 

Horse Guards 

2 . . 

7 

S 

• 

Marvlebone Church . . 

3 ft V 

7 


about.6o 

St. Luke's, Chelsea 

4 • • •* 

6 

10 

. 72 

The Queeh's Stables 

2 . • . 

6 

10 

about 50 

• TOO 

SMALL. 



• • 

St. tancras Chj^rch 

I 

6 

6ft 

. ibo 

Leed% To^n H^ll , . 

• 

11 

• 

. ISO 
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1 \>iice told some friends of mine who were build¬ 
ing a church, also near Leeds, as it happened, that 
the dials, ft, wide for 70 ft, high, would be much 
too small; the architect ^sured them I was quite' 
wrong, and Selected for bis proof the dials of the Horse 
tiuards •and of Sf. Martjn's, Both of which he took 
upon himself to say, at a guess I suppose, were onlj^ 
5 feet wide. Jlis employers chose to*‘believe him, and 

-aW' *-^ he 4 'J feet dials werfe made; and* they had not been 
up a iay before everybody saw that they were much 
too small; but as usual, the mistake was fdund out too 
late to mcnd^il^. The Westminster and St. Paul's dials, 
you observe, and some others in this list, considerably 
exceed the proportion of of "their height, and certainly 

do not look too large; and I have no difficulty in saying 
ik«t that is the least size which a public dial ought to 
be, except in some unusual positions where they can 
only be seen a very little way, • * 

An equal though not equally incurable mistake is 
often mad<f in ttie size *of the fibres. People seem 
to fancy that you see what o’clock it is by reading 
the figures; as if any single figure which you see in 
a clock dial indicated the figure which you read 
off; except for the hour hand, and it is seldom that 
yoTi do not know the time within an hour.*' You see 
the long hand pointing to VIII, and you say, 
'2® minutes to something.'^ Indeed fof the hours as much 
as for the minute* everybody really judges from the 
position of the hand) and 12 large spots would do as 
well or better than figures.* I have a clock, ^and 
there is < another in» the Athenaeum «lub, with the 
gravity pseapement, purposdly made without any figures 
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at all round the principal dial, only 12 strong njuras; 
and I never found anybody who even observed the fact 
that the figures were absent until it was pointed pnt to 
him, or complained of th#want of. them then. But 
you may ash what harm do figures do ? They 
practically contract thb size ^ of the^dial, in two ways*; 
first by contracting the plain surface in theimiddle, over 
t?hich the handsmre most distinctly seen; and secondly, 
the larger the figures are, the ihore they run into qmIim 
other and^fill up the space of the figure ring itself, and 
make it stiB more diflScult to distinguish the place of 
the minute hand. I have come to the conclusion after 
various trials, that the figures and minutes together 
ought not to occupy above one third of the radius of 
the dial; the figures may be two thirds of that one 
third; and the minutes from halAo twe^ thirds of . the 
remaining one ninth of the radiun, with every fifth 
minute sti^pngly marked *by a larger spot than the 
others. TheWeftminstcr dials might have been clearer 
considering their gi^t size. They are^ot dflhy design, 
except that I gave the architect some suggestions for 
them, which are partly followed and partly not followed. 
They are unnecessarily confused with iron frame-york, 
and the clear space is unduly contracted by somd broad 
rings supposed to be ornamental. • ^ • 

The only colours that seem to answer for dials and 
hands are black‘or dark l^ije with gilt figures ^nd 
hands, or some very light cglourod ground, such as 
white glass, with black hands and figures. Good gild- 
•ing^will last fifteen or .sixteen years, ^s at the.Boyal 
Exchange, in the worst London atmosjdiere: the 
Mai^debone Vestry have 're-gild their church clock 
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" every four or five years apparently. Gilt hands 
on a light ground are a complete failure. The external 
counterpoises^ if there are any, should be painted the 
same colour as tjie ground of the dial, except where 
they are very short in proportion to the hands, as at 
Wcstmii^ster, in fhich case they cannot be mistaken at 
any distance for tiic hands themselves, and practically 
increase their visible length. <. ' • 

u "ninls may be made of almost anything—stone, slate, 
plastci*, bricky iron, copper, and many old ones are 
of wood, which however is the worst of all/as it always 
shows the joints. In many cases the stone of the 
tower makes the best dial. Generally it requires paint¬ 
ing ; but if it is such a ston^ and in such a position 
that it will keep nearly white, it will do very well with 
only the black figure* -and minutes painted on it, and 
black hands, but by no means gilt ones. Dials on brick 
work must of course be painted. It is quite a mistake 
to suppose that a dial requires a verj smooth surface. 
Some* of mpst distinct I have ever seen arc 
painted on rather rough stone work; and brick will do 
as well, either all flat, or w ith the figure circle a raised 
ring of iron, or of any plaster that will stand. There 
are many dials of cast iron; but I sliould never make 
more than the figure,ring of iron, unless there is a large 
hold in the wall wdiich wants covering; and even then 
it is generally betier to fill it with gfess, which has all 
the effect of a dark ground outside and is often con- 
venient within. Slate makes a good dial, hut if it is 
not painted, it becomes a pale grey colour. I believe 
6 feet diameter is the largest size that can he got in one 
piece, but the joints are almost invisible if well done. 
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Copper dials are the commonest of all^ and up 4oa 
moderate size^ probably the cheapest, except of course 
when the dial is simply painted on the wall. But jthey 
hre generally made in the ve^ worst form that could be 
invented, viz. convex: the effect of which*is that the 
point of the minute hand i§ thrown* a long "way off 
the dial, and the parallax is so great that you cannot 
tdfl what it is pointing at, except when it is nearly ver¬ 
tical ; and moreover the convexity distorts the uppi^ 
half of the Jial when seen from below, as » public dial 
always is. avoid these evils Mr. Vulliamy never 
used copper dials when he could help it,^but flat ones, 
generally of slate, with the middle countersunk for the 
short hand to travel in, leaving the long hand to lie 
close also to the raised figure ring. ^ And this is a very 
good form, for dials of anything but copper. 

Concave dials. It occurred to me a few years ago 
that all the oonveniende of fhe light copper dials might 
be got, with even more closeness of pointing than in a 
flat one, and with a^much stiffness dfe th# convexity 
gives, and with less distort^pn of appearance, simply by 
making them concave instead of convex. If you draw a. 
vertical section of a convex and a concave dial, and 
three lines of sight, from the top, the bottom, and the 

** 

middle of ^ch, to a spectator in the*street, y^u will 
at once that the convexity makes the upper half 
appear much smaller thaUfthe lower, whereas in 
the concave one the two halves rij)pear even more 
alike in size than in aflat dial; an^ the closeness of the 
hSind.point is evident. Mr. Dent, and Mr. Potts of 
Pudsef near Leeds, a considerable maker of« church 
clocks* in Yorkshire, immediately adopted these* dials. 
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anShoftany of fhem have now been made, and some old 
ones altered from convex to concave with great improve- 
meni in appearance and distinctness. The dials on the 
platform at^ Kind's Grogs Station, and the larger one 
.on the Kailway Works ‘at Donpaster, were the first of 
this cohstructioh) and you may see from them how 
much better concave dials look than convex ones, a^d 
how close Ihf^minute l^anK is to the figures. 

"^flands; "Large clock hands are so universally made 
oficoppertlPdt it is hardly worthwhile tp^notice any 
other construction. There is indeed—or w'as, a notable 
exception, in <6ir C. Barry’s famous gun-metal hands 
at Westminster, which is not likely to be repeated. 
The hands of the clock at ofd Doncaster church, which 
perished in the fire ^of 1853, were of mahogany, and 
•^food ^ry ‘ttell; but I should think copper ones are 
lighter, even including tjic stalk or centre piece. 
Where they are >ery large, say* 5 §r 6 fSet long, the 
best/orm for them is that of the new minute hands at 
Westminsfer, a* tube oT thin copper, whose section is 


two segments of a circle, with a few diaphragms at 
intervals of about 2 feet to keep them stiff. The 
strength of this construction is enormous, and it is also 
. ^od for throwing off snow, which sometimes accumu¬ 
lates on Imnds with*brofid edges heavily enough to stop 
the clock. Smaller hands may be made quite strong 
eftough with a convex fr«it and a ffat back, the section 
being an arc^qtf i^s tihord, or even as a single flat 
piece of copper with the edges turned over square. A 
mere Yib or hollow bead raised along the middle of’a 
hand m^kes it strotfjg enough for all ordina];y sizes, but 
I think it does not look w^. ^Galvanised* sheet-iron 
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hands have been tried, but the zinc peals ofiF, and fhey 
must be pronounced a failure. The minute hand ' 
should always be straight, and pkin, with a bluntii^h 
point. At the broadest pari? aefc the dial centre, it 
should be about of its length, tape^ng to about half 
as much a .little way from th^ point>-*Tte hofir hand 
shpuld be the same breadth, ending just fiiovt of the 
figures in a broafi piece callfed^a heart, of^ny shape 
you like. . 

There should always be some external <X)unterpoises 
to large bauds, both for wind and weight. They 
should not be above J the length of the bag hand, and 
should be broad, but of a shape not to be confounded 
with the heart of the hour hand. The advantage of 
counterpoising the hands to some ^tent for the action 
of the wind is evident ; and the Qt\ier use of an extern«^ >h 


counterpoise is to diminish the tendency of the hand 
either to twist the^arbSr, or what is more likely, to work 
itself loose and shake over from one side to the other 
every time it passes fhe vertic^, as K6id sjfjrs the old 
hand of St. Paul's cathedral used to do, and as Sir 
C. Barry's heavy hands did at Westminster to such 
an extent as to stop the clock. The only way to pre¬ 
vent this shake is to fit the hands on a tapered square 
or hexagon at the ^d of the arbor, *and not % prismatic 
one. The latter may be called engineers' fitling, and is 
perfectly right for*many purposes, but perfectly wrong 
for this, for which the old clockmaker's taper fitting 
alone will answer. It is found better not to put the 
^hob counterpoise outside: from one third to on9 Half 
is quite ei^ough, leaving the remsrinder to be^done by 
adjustable counterpoises insiife, which should he long 
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ratiier than short, as they then do the same work with 
less weight and friction on the arbor. 

Jianmin ated dials. Occasionally it is possible, as 
at the Horse-Guards east^dial, to illuminate a common 
white dial by reflection from a lamp on a roof projecting 
below it. This duswers '%ell enough for dials to be seen 
a short distance only, in the few cases where it can be 
done. Where it cannot; the common way is to make 
dial ol* glass, or alf of it except the flgurcs and the 
rings to connect them, which forms a solid, framework 
of cast iron.* The glass is ground behind, or painted, 
or covered witji muslin stuck to it, and gas lamps are 
put behind it. But all these things have such a bad 
appearance by day that the* advantage of illumination 
is dearly purchased at that cost. Latterly however a 
Arhite glass has been manufactured by Messrs. Chance 
of Birmingham, and perhaps by other makers, which 
forms a very good and always cltan white, dial by day 
(if left open for the rain to wash its'face) and a bright 
one by ni^ht: the hands and frgures must 1)c black 
as with other white dials. JThis is not the glass used 
in the Westminster dials, which with the 2^ tons of 
haij,ds and counterpoises appear to have cost 5334/., 
hut a much cheaper kind, and as far as 1 can see, 
equally g^od. Yoti may sec it in Mr. D\*pt^s small 
dials of the clock by the Marble Arch, Hyde Park, and 
contrast it with some otJier very iflferior ones in the 
clock at the south corner of the same park. 

There is another mode of illumination of which I 
cahnot give a very accurate account; and it is yet so 
imperfect that I have not inquired particularly ihto it. 
It may possibly be improved into something Better. 
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The dial is of common glass, with (it seems) a bfSck 
screen behind it, but there are lights rather behind 
that, which can shine past the edges of the sor^ 
through the dial, none of theii throwing the light down- 
wards into ^he street j so thatdihe dial generally looks^ 
black, or at least, dark. Bu^ the fi^hres are ground, 
and the hands also are said to be of ground glass, which 
partly re&acts the*light in all directions; and therefore 
they appear light, and not dark* like the di^. A sCi^^ 
mor« wonderful attempt is now being made the 
Leeds town-hall to get a dark illumination with metal 
hands, the architect pronouncing the white opal glass, 
which Mr. Dent was going to use, inconsistent with the 
design of his tower. THe dials have alreaSy been 
curtailed to just half i;he proper a^a, chiefly from the 
foolish determination to have them illuminated at aM. 


hazards, for which it appears that nO greater opening 
than II feet could sfifely be made in the walls. It 
ought to be understood too, that a considerable part of 
the area of an illuminated dial*which ft too ^arge to be 
made of glass only, is necessarily lost by the iron 
framework, and therefore they ought to be, if anything^ 
larger than the standard size of i foot diameter for every 
10 feet of height from the ground. 

The gasTlamps of illuminated dials are gei^rally k^pt 
alight all day, turned down as low as they can be 
without going out! They are •usually turned down an 
the morning and up at night by a^A^^onr wheel in the 
clock, which has pins screwed into its rim and taken out 
again from time to time by the man who takes care ef the 
clock* Sq long as any of ^he pills are in th^ position 
to hold up a Veighted leve/ connected with the gas 
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coi^, it is turned down, and when the lever drops off it 
is turned up. In the Westminster and Leeds clocks 
are three fan-shaped pieces on the 24 hour arbor, 
vffich can be opened out 18 hours or contracted to 6, 
and these a!!re adjusted ;trom time to time according to 
*the length of Ulnpiination required. There was a clock 
in the Exhibition of 1851 with completely automatic or 
self-adjusting machinery for turnings gas off and on at 
proper time throhghout the year; but I never 
hqard of it being used, and it is hardly wor}h the cost. 
Indeed there are very few dials which in my opinion 
are worth t^e original and the annual cost of illumi¬ 
nating them, which often exceeds the interest of the 
whole expense of the clock ^itself, and always exceeds 
the annual charge for winding and regulating. 

It is desirable to have a wall, if possible, behind 
illuminated dials/>instead of having them practically in 
the clock room; partly because the wall may be made 
useful as a reflector, and so save gas, and also because 
. it p]k)tectsr»the dock itself both from the variations of 
heat and &om the watery vapour caused by burning 
the gas. It, must be remembered also that the counter¬ 
poises of the hands on glass dials must neither be long 
ones outside, nor immediately behind the glass inside, 
"orthey wijil cast aehadow and be confounded with the 
hands at night. 

»The construdion of,the dial-work of large clocks 
differs very little £i^m. that of small ones. The prin¬ 
cipal difference is that the numbers of the wheel-teeth 
are differently distributed. , Instead of two equal 
60 min. wheels, there is a pinion on the minute-hand 
arbor which drives a whed corresponding to the wheel 
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N in figs. 22, 27, 28, only moving slower; and iSm * 
wheel has a pinion on its arbor whicb drives the hour- 
hand wheel as in house clocks. If 1 4 are the nun^bws 
of theVhecls and ppi of thq^pinions, they have only 10 

tt * * . 

satisfy this condition, it, bearing.in mind alsoi 

that, from their position, the radius of one wheel must 
bo*as much less thAn of the other as that of its pinion 
is greater. The larger wheel iS generally (ut On ^ 
hour-hand ^arbor. The most convenient jiumbers ^ 
90 and 100 fw the wheels, and 25, 30, for the pinions, 
or in smaller clocks 72, 80 and 20, 24. ^ ^ 

The bevelled wheels leading from the dock to the 
dials ought to be of a good size, not less than 5 inches 
wide in small clocks, and 7 to 9 inches in large ones. 
They do not require to be very strong, ^s they havf 
only to move the hands; but the advanjtage of their being 
large is that^any given ambunt of shake in the teeth 
allows less angular^aotion of the hands. In the old way 
of fixing clocks on a«stool in i;he middle ofithe clock- 
room, which I have already shown to be the worst, there 
was generally a vertical ro^ from the clock running up 
the middle of the room, with 2 horizont'al bev^ed 
wheels, one on the bottom worked by the clock, sCxfd the 
other at the top working 4 others leading to each dialT^ 
and in that case it is necessary that the bevelled wheels 
on the vertical rod^should be Jqrger than all the others, 
both the first one in the dock,^and«the‘ others leading 
off to the dials: otherwise the 4 l&ading-off wheels will 
take into each other well as into the hori^ntal 
wheS? Where the vertical rod does not lead into the 
middle of the room this doeS not occur, but there must 
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be two nests) of 3 wheels eacb^ if there are 4 dials, 
besides the 2 wheels in the clock. 1 have seen several 
n^r^ wheels added^ through a singular piece of igno¬ 
rance that it is not the ^ast necessary that tie rod 
which leads upwards ^ould be vertical. J was rather 
glad that it Vbs ^r^ecessary to put it very oblique in the 
Westminster clock as an example of such treatment. 
With bevelled wheels of <the commcm shape, intended 
■^lie at ^ght angW^o each other, the rod must of 
course be in a vertical ^lane parallel to, the clock 
wheels, but there can Seldom be any difficnlty in that: 

g ^e shovl4 be, the bevelled wheels have only to be 
&&r the proper angle. 

bmetimes oblique rods* are used with universal 
ts at each end, and these will do well enough where 
♦he obliquity is not' very great, provided always the 
obh'que rod lies between two parallel ones; otherwise 
the vdocity is not uniform. Bnt where 4 he obliquity 
is great there is considerable resistance to the motion, 
and la rigid rod with the bevelled wheels upon it is 
always better. Neverthelei^B universal joints, or half 
universal joints, are properly used wherever a rod is 
either too long to do without several supports, or where 
there*is any risk of *there being an unequal strain upon 
5 in one ^ection,* or where bevelled wheels can be 
saved by a jointed tod with very slight deviation from 
obliquity. Turret clocks are generally made with the 
{||(^ute-hand on fhe internal dial turning the wrong 
round, to provide for the case of the external dial 
^bor being able to go straight through the wall from 
t'he back^^f the clock, as it does when the clock dan be 
placed immediately behind a single external dial. 
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Sometimes tlie clock has to be placed a long way 
below the dials, 30 or 40 feet or more, and then it is 
necessary to provide both for "> u 
'the weight and the want <ff, ‘ 

stiffness of •each a long lead¬ 
ing-off rod \ and this is best) 
done by a pair of friction 
plates and roller^ at the top,* 

The lower plate is set on the 
beams which carry the nests 
of bevelled wheels or motion 
work: on that lie three small 
flat cheese-shaped rollers on 
a horizontal tripod, with a'hole in it for the long ro| to 
go through quite loosely; and the ^ther plate is flxed 
to the top of the rod, which is in fact hung by it, the 
rollers carrying the weight,^and with Ao sensible friction 
on their owh cei^res) for the three-legged pivots have 
no weight upon them. This kind of suspension is also 
used for heavy weathercocks A^hich work a wind-dial 
inside the house, or elsewhere, like that over Mr. Dent’s 
shop in the Strand; and the ease with which a very 
heavy weight can be turned in that way is surprising. 
Weathercocks. As these are generally flxed bj^ 
clockmakors in such cases as those last mentioned, I 
may as well mention that a weathercock which is 
intended to answer steadily*to the wind, ought nbt 
only to be long in the vane aild«thin in the tail, but 


equipoised j and so far from the vane being perforated 
tor ornament, it should* be double, with the t^6 flat 
sides ^ or \aiics spreading put at* a small affgle from 
the axis. When the cock Vorks a dial it mast be 
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fixed to a rod working loosely in a tube, and tbe top 
of tbe tube covered with an inverted funnel on the 
rod; ks also the rods or wires which work the dock- 

be fusndlldj with a short pipe soldered 
ta thi6 kads^ ^hmver they are pxposed to rain; other- 
wke the wires lead down t^e wet into the clock. And 
Ad weij^ts and ropes should be enclosed in a case to 
kwp thenu&om the rdm*'and wind^ !f they are in ah 
exj^sed place. 


Ventilation of dock-room. The clock-room at the 
Bschange was at first made with the object of keeping 
out the dttst*isiKi damp in every possible way: even the 
slits in the floor for the ropes had sliders to them; the 
clo<^ was enclosed in a glass case^ the plate-glass cover 
originally placed over, the escapement being found not 
'Enough to k^p it from the damp. When the clock 
was repaired^ and some of t^e brass-work replaced with 
iron in 1854 (for a reason which 1 sl^ll mention here- 
afterb 1 s^gested the removal of all this glass^ and 
encouraging instead of ^preventing a draught through 
the room. This was done; and although the wet used 
tb stand in drops upon the clock before in damp 
weather, it has been perfectly dry ever since. The 
‘‘«^me thing has been found in small clock-cases: they 
may easily^ Jbe too air tight. I do not mean'that there 
is any objection to enclosing a clock in a case, and of 
course it is absolptely h^cessary where the clock-room 
cannot be kept locked dgainst everybody but the man 
who has the care of it: only there should be a draught 
througli the room, and the ca^e itself not too close to 
let air thi^ugh it. ^ , 


c 
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TRAIN EKMONTOIRBS. ^ 

I have postponed this bnfti(ih of the Bub|ecti^ill I, had 
gone through all the, more erdinary. ifork of tnmt * 
clocks. A train remontoire tdiffers In prindple from a 
remontoire escapement (of which I have already treated) 
duly to this exteifr : the small freight or sjpring which 
gives the impulse to the pendulum is not wound at 
every beat, but at some longer intervals^ seldom more 
than half a minute; or the remontoire work^ you may 
say, is put one step farther back, acting on the scape- 
wheel instead of on the pendulum. So that if a train 
remontoire of constant force and friction is made to act 
on a dead scapcwhcel, the only, variation of force to 
which the pendulum is subject will be thal; arising from 
the pallet friction. In sma]l clocks t&e variations of the 
pallet fricticfn are^ generally much greater than of the 
train friction, and therefore a remontoire would«be of 
little or no use; but in large clocks with heavy wheels 
and large hands to drive, the contrary is the case; and 
then accordingly, either a train remontoire or a remoA- 
toire escapement is of great use, provided they realQr do 
what they^profess—which many ofjbhem.do not. ^ - 

The simplest form of traih remontoii'e /Icting by a 
weight is that dcsqpbed in Eeid’s book, on the endless 
chain principle, winch* 1 havt* already described for a 
going barrel at p. 150. The scapewhecl is not driven 
by the clock train, but it has a spiked pi^ley on it 
which carries one loop *of the endless ohaiij^ and the 
othe^ is carried by a similaT^]^ulley on an arbor driven 
by the train and turning ift the same time as thd scape- 
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wheel. This iremontoire arbor’ has a few long spikes 
sticking out from it, at different distances along the 
arbor/’ and they are just long enough to reach the 
middle t1}C scapewhe^ arbor, and can slip past it' 
through a nicli; cut for the purppse wheneveg the nick 
comes into the ri§;ht posi^tion, which it does once in 
eveiy turn of the scapewheel; then the remontoire 
arbor tumf; and winds^ up the endless chain a little 
until the next ’spike falls against and is stopped by 
the' scapewheel arbor till its nick also presents itself 
and lets that spike slip through. There was a clock on 
this construction by Mr. Eoberts of Manchester in the 
Exhibition of 1851, to which with great difficulty I 
persuaded the French members of the jury to concur in 
granting even a ' pri^e medal; * and I was rewarded 
by Mr. Eobe^s joining a party of equally disappointed 
and far more ignorant m^n in denouncing me for 
having prevented him and some others &om receiving 
' council medals ’ of the highest order. 

Nevertheless that construction is far from satisfying 
all the conditions of a remontoire. The action of a 
chain cannot be made smooth and uniform, and a rope 
or sbing passing only half round a pulley is sure to slip 
in. time, and so the remontoire would fail. Moreover 
Eeid says although the Edinburgh clockrwcnt very 
well for a time, yet it became necessary to remove the 
remontoire in con|equendB of th^ banging of the spikes 
against the scapewheel arbor; which however would be 
easily curpd by a fly, and there was one in Mr. Eoberts’s 
clock' and in the French remoiitoires which I shall nexi; 
describe. There are three bevelled wheels S.T E yrhich 
work together in the same Vay as I described for the 
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equation of time work at p. 148, except that they nave 
each an independent arbor as shown in fig. 37 (which 
comprehends something else to be described pre^ntly). 
The intermediate wheel E rides freely on its ubor, which 
has the r^montoire weight ^xed to it, hod which is* 
always falling except at the momei^t When k is lifted 
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\)y ttie clocks tlirough the pinion < in fig. 37; and then 
the action is not taken off the scapewheel s or ita 
beyellod wheel S, but rather increased, as the wheel S 
becomes the fulcrum on which it is suddenly lifted. A ' 
common whdel on the a,xbor of T drives pinion on 
another arbor {not»?.n fig. 37) to which the two or three 
spikes are fixed which strike against the scapewheel 
arbor, and, a fly to moderate the velocity of the train 
wh&* the remontoire is let off, at every 20 or 30 
seconds. ♦ 


Continuous motion remontoire. In' connexion 
•with this I willj^escribe a remontoire exhibited in 1851 
by Messrs. Wagner, the great turret clockmakers of 
Paris, for the purpose of getting a continuous motion 
for telescope-driving clocks, or clocks to drive a barrel 
r:on which timoa of observation may be recorded at less 
intervals than a second, with all the advantage of a 
vibrating instead of a revolving pendulum. • The action 
for the vibrating .pendulum which £ driven by the 
scapewheel is 'exactly what I" just now described, 
except that there is no spil^c wheel and no sudden 
letting off. Instead of that there is a large pulley on 
the arbor of the wheel T which lifts the remontoire arm 
C V R W. This pulley drives a much smaller one on 
ffie. arbor a fly F^F, which runs inside a'j^in drum 
without a bottom, '^hich is hung over it by two wires 
W W from the end of the remontoire' arm. C is a coun¬ 
terpoise to be adjusted‘for the weight of the drum, so 
as not to let it preponderate too much. The fly is the 
thing which regulates the velocity o£ the clock train* 
which is always movin!^; the farther the drum fallstover 
it and cuts off the air within from the air outside," the 
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faster the fly will turn, and vice vers^; and things ar^ 
so adjusted that the continuous motion of the clock 
train dririug the fly will just keep pace with the aperage 
* motion of the scapewheel# driving‘the* pendulum by 
beats as u^al. If the clock^falls behinfi the proper* 
speed the remontoire wheel fnd it 8 «druin fidk a little 
and lets the fly go quicker, and if too fastr it rises and 
l£e velocity of the fly is checked. The one in the 
EiJiibition seemed to .go very sfeadily; and* as theai is 
nothing in all this at all difficult to*make, 1 jam 
surprised thdt more complicated contrivances should be 
used for such purposes as I have mentiqnejd. 

The Eoyal Exchange dock was originally made with 
a gravity remontoirc, tho&gh it was afterwards altered. 
Instead of bevelled wheels, Mr. Dent, with the approval 
of the Astronomer Eoyal, used an tnfemoAwheel, one 
with teeth on the inside of the rim, instead of the out¬ 
side. Thahwheel D in fig! 38 had the letting off spikes 
on its outside; at*least a wheel on the same arbor had, 
which is the same tbffig. It was driven b^sthe ^tre 
wheel of the clock, and wjiencver it moved it lifted the 
remontoire arm and weight by means of the small 
wheel B lying between the internal teeth and the '«sheel 
C on the arbor of the wheel F which drove the scape- 
wheel: Ijiat arbor being of coflrse indej)endent dt^ 
though in the same line with the arbor of the wheel D 
and its pinion. The remontoire was let off at every *20 
seconds; which however is not so %ood an interval as 
30, because it is not easy to distinguish whether the 
*hands are pointing to 19 sec. before or 10 sec. aifter the 
half Ininute; whereas it is jperfetftly easy to sfte whether 
they are pointing to a mintfte or a half-minut^, if the 
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dial is properly made, as I have already described. This 
facility for taking the exact time from the dial by the 
jumpoof the hands is one of the great advantages of a 



train remontoire. I ivas sorry to be obliged to give it 
up ft Westminster on account of the momentum of the 
hands, even without reference to the enormous addi- 
"Tional weight stuck" upon them by Sir C. Barry after 
the.pattem handc were shown to me. 

>iThere is yet another way of making a train remon¬ 
toire without resoi'tingtt either to bevelled or internal 
wheels. In fig. 39 E is the scapewheel, and e its pinion 
driven‘by the remontoire wheel D which rides with its 
pinion d fixed to it on a stud in the remontoire dever 
A P. ^The centre wheel" 0 drives that pinion and a 
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smaller one ^ on a wheel which drives another piniojf 


/on the fly arbor^ which has also the remontoire spikes 



Fig. 39. 
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attached to it. The numbers of the teeth are so 
arranged that the fly will tom once for each turn of the 
scapewheel^ and the scapewheel^ arbor has only two 
notches in it, so as to let off^ one remontoire spike every , 
* 30 seconds. «It is evidentlihat the scapewheel is always 
driven by the •remontoire wheels and weight, and not 
affected by tjie clock train? There were several French 
clocks of this construction in the Exhibition of 1851, 
but^ost ofl them (if net all) had the fly driven by an 
endlesS screw^ which is objectionable because it involves 
an immense amount of friction, and in fact the motion 
of the train was so slow that you could hardly 
distinguish tfie jump of the hands. It is much better 
to diminish the blow on the scapewheel arbor by 
putting springs t6 the remontoire arms as in flg. 39, and 
^ leave the train to mdvc with a good velocity so that the 
jump of the hands jcannot be mistaken, as you may see 
at the Exchange, or the lar^e dials at Kind’s Cross, or 
the one over Mr. Dent's shop in the Shrand. 

Spfing jremoatoire. , But it must be observed that 
all these gravity remontoires are still subject to the 
friction of the remontoire wheels themselves, which is 

c ^ ^ 

not inconsiderable, although it is' much less and less 
variable than that of the clock train and hands. To 
'*Stoid this, it was long ago attempted to contrive a spiral 
spring rem'entoire.^ which would drive the scapewheel 
w^hout any sensible frictioji. One o£ these is described 
in Beid's article in<the i^eventh edition of the Encych- 
pmdia Britannica ; and another was invented by Mr. Airy 
some years ago, and two or three specimens of it were 
made by Mr. Dent. «They all went on the plan of 
connecting two wheels, orod wheel and .pinibn, on the 
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same arbor by a spiral spring, one being fixed to tbe* 
arbor and tbe other riding upon it; and the conse* 
quence was that the ^apewheel was always subjpct to 
the friction of the other w]^eel set upon its arbor and 
pressed tight upon it by the ffbtion of the spring, which 
was probably worse than the ordinary Action of the 
train. * • 

••This difficultyJiowever maybe got over by a very 
simple contrivance which I infected in 184^, and wjjich 
is nowin action in various large clocks, ai^d woulfi hpe 
been in many more but for its having been superseded 
by the cheaper and simpler gi'avity e8caj)ement already 
described (p. 125 to 139), which however has not the 
advantage of giving a visible motion to the hands at 
every half minute, unless it is combined with a train 
remontoire, as it easily may be. In lig. 40 j(next page) E 
is the scapewheel and e its pinion, not fixed to the arbor 
of E nor rising upon*it, btlt upon an independent stud 
k screwed to the dock frame. In front of the pinion a 
small bush is pinned §n to the^same stud, which dkrries 
the pivot of the scapewheel arbor, on which is set a 
large watch spring s, of which the outer end is held 
by a pin h screwed into a small plate fixed to the ^ont 
of the pinion, so that the pinion acts on the facape- 
wheel by^the intervention of thii» spring without any 
friction except that of the coils of the spring upon each 
other, if they toueh at all. „^e wheel D which drives 
that pinion also drives anotheif on ‘the arbor /. If 
the scapewheel turns in a minute, there will be two 
•nicks across its arbor, ^as in fig. 39, for the j^mon- 
toire* spikes or stopping springs to act upon. But 
if it turns in two minufbs, as the pin scapewheels 
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^generally do, a different plan is adopted: the scape- 
wheel arbor is then brought through to the front of 
the clock frame and has a smallpteel cylinder set upon 
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it, with two nicks across its face, not its side, one* 
* broad and shallow and the other deep and narrow; 
the remontoire springs set on the two arms of the 
•fly have corresponding slopes, so that one will pass 
through thp broad nick only and be stdpped by the« 
narrow one, and the olher w^l passthrough the deep 
nick but be stopped by the shallow one. • The fly in 
tlfis case makes half a tumpfor every quarter turn of 
the scapewheel, and therefore its pinion must be«nly 
half the size of the scapewheel pinion. Jn very lajrge 
clocks such*as the Exchange, in which the gravity 
remontoire was replaced by a spring ope^in, 1854, the 
fly is made separate from the remontoire arms, with a 
ratchett and click as usual to let it run on a little by its 
own momentum; but in smaller ones it does very well 
to put the remontoire spring stops on the^y itself. 

This was the construction of Mr. Oent’s large clock 
in the 185^ Exhibition, *now at King's Cross, for 
which a medal ot the highest order was awarded to 
him unanimously by the Horological* Jury,•being pro¬ 
posed by one of the foreigp members, and by the group 
of six mechanical juries, when 1 was not present, and 
by the Council of Chairmen, at which the proposer of 
that prize was present by special arrangement to support 
that awarj, and to oppose me as to dome others on which 
the jury had been equally divided. I n/^ntion this 
because one at lealt of the disappointed candidates for a 
similar prize has several times ptfblished the impu¬ 
dent falsehood that I myself got that prize awarded 
for an invention of my /)wn: as if moreover it* would 
have been of any use to me if I Had, seeing that I had 
takefl no patent for it, ancl Everybody was as free to 
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'adopt it as Mr. Dent. 1 see there is now in the Crystal 
Palace a clock on this construction by another maker. * 
The going of the Exchange clock was sensibly improved 
by the alteration of the grftyity to the spring remontoire,* 

' though it had been unusually goed before; and both that 
and the«Kin^s Qross (^ock have sometimes gone for 
two or three months together without any discoverable 
variation of rate; which «also prove% by the way, that 
jewelled pallets and sf 2 sec. pendulum are an un¬ 
necessary expense with this arrangement of the train, for 
the King^s Cross clock has only a pin-wheel escapement, 
with steel, pfllets and sec. pendulum; but of course 
the escapement must be kept clean and properly oiled. 

It may be supposed that the variation of the force of 
the spring in heat and cold will affect the escapement; 
*and so it would if t)ie'spring acted directly on th^ pen¬ 
dulum like spring*pallets in a gravity escapement; but 
the effect of this variation 0^ force when transmitted to 
the pendulum through the dead escapement is much too 
small to pisoduce’any sensible effect either on the arc or 
the rate of the pendulum. 'JDhe outer end of the spring 
should not be left loose on the single pin h, but there 
shopld either be two pins, one a little behind the other for 
the spring to pass over, or what is better, it should be 
firmly fixed in a slit^in the pin. This prevents the cqjls 
from rubbing upon each other, and keeps the spring 
steady in its place. The«easiest waj" of adjusting it to 
smaller quantities'^than one turn of the remontoire fiy 
arbor to get the proper vibration of the pendulum, is 
by having the remontoire a^ms connected with the 
arbor by'a square toothed ratchett and a deep upring 
click, which can be lifted out and the ratobett thrned 
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SO as to set up the spring to any required amount. 
The larger adjustments are made by simply turning the 
fly arbor once round or more with reference t<^ the 
scapewheel. ^ • 

If this kind of remontoire Ti^ere used with the three-^ 
legged dead escapement (p. loS)^ or ^ith'the detached 
one (p. 107), it should be let oSf at every half revolution 
of**the scapewheel«as in the Exchange clocks and the 
pressure of the remontoire pins ^pon it woifld be 
small indeed even in the largest clocks A 2* sqc. 
pendulum of *6 cwt.^ such as the Westminster one, 
might in that case be driven by a common watch 
spring wound up a little on the scapewheel pinion, at 
every 10 seconds in the detached escapement, or every 
6 in the other.' 1 should like to have an opportunity 
of trfikg that plan in a large cloelc. Yo^ cannot try 
different escapements satisfactorily in the same clock, 
for when yoi^ have once got to considerable accuracy, 
nothing but long frial with the pendulum firmly hung 
in its own place is decisive: «mere trial m a clock 
factory subject to all kinds of disturbances will not do 
for accurate experiments. , 

Cast iron wheels. The success of this contrivance 
for cutting off the variations of force from the pen¬ 
dulum led* to another alteration which helped to re¬ 
duce the price of large clocks considerably f and that 
was the making all the wheejp .below the escapement^ 
and all the dial wheels, of cast'irpn instead of brass or 
gun-metal.. Mr. Vulliamy had Cefore recommended 
that as a good construc^on for cheap clocks, but it 
had always been thought that thoy could not be also 
good bnes on account of tlitf greater friction 0/ the 
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tram. 1 belieFe tbat apprehension was very much 
exaggerated even for clocks of the common con- 
struetion, provided of course the escapement is light 
and well made; but as sopn as you cut ofP the friction 
\^of the train' from affecting the« escapement it is obvious 
that cast iron whpels are just as good as brass or gun- 
metal. The clockmakers in general violently denounce 
it, probably for no better* reason than that it tendsT to 
loner their prices and has lowered them enormously, 
the price being now only 150/. for clocks of the same 
power and far greater accuracy than those for which 
500h used to |)e charged not many years ago. 

The cast iron wheel controversy came to a head in 
some of the Lancashire papers soon after the making 
of the clock, from my design, for the Manchester Infir¬ 
mary ; and <>the advocates of brass wheels had 4 liearly 
no case whateven Their three points against cast iron 
were friction, rust, and liability to break... The friction 
of the train is absolutely immaterial' with a remontoire, 
or a gravity eseapement, and no large clock can go 
with great accuracy without some such contrivance. 
The next objection is obvious nonsense, because all 
exoept the acting surfaces are painted, and they are of 
course oiled as in all other iron wheel machinery. 
l?he liability to bfeak is a mere questiori; of experi¬ 
ence. MrV Dent has made the striking parte of nearly 
all his clocks for sixteen ^ears of cstst iron, and I never 
saw or hesfd of & toeth breaking yet, in either his or 
any other maker’s cast iron clocks. Of course bad 
castings will break in clocks,or bells or anything else; 
but a cbckmaker #ho understands his business^ can 
easily see whether a c^tstihg is bad <and can Return 
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it. The people who talk in this way about iron wheels 
must be very ignorant of the extent to which cast 
iron wheels finer than are ever used in church clocks 
are used in every factory in Yorkshire and Lanca¬ 
shire. I ms^e particular inquiries lately as* to the sizes ^ 
down to which the teeth are cast in iron wheels for 
spinuiug machinery (for that is what I mean by cast- 
irOn wheels), and I*found thalp they are cast with quite 
sufficient accuracy with teeth as Small as inch 
which is smaller than any 1 have seen usad in clocks, 
because there Is very little saving in cost in using iron 
wheels so small as that. The great savii^g of course is 
in the large wheels of the train, and the dial and 
bevelled wheels, of which % good many of the same 
pattern and no very fine pitch are required. I am glad 
to se^ that to this extent iron wheels aie gradually 
getting adopted by some other makers; especially I 
may mention Mr. Potts 0/ Pudsey, near Leeds, who 
has made many very good church clocks in Yorkslure, 
chiefiy on the construction - and patterti whiih 1 tiave 
described at fig. 29, only jrith 2 sec. wooden pendu¬ 
lums, which do well enough for all but first rate clockst 
instead of the more expensive I7 sec. compensated 
pendulums. 

Before leave the cast iron wheels 1 should ob8eri:e 
that they work better with cast iron pinions^than with 
steel ones: indeed bast iron and steel seem never to 
work well together, at least in no clock-work that I am 
acquainted with, if there is much pressure between 
them. 1 have seen cast .iron fly ratchetts used* with 
ste^Klicks, by deckmakers who wo\ild not listen to the 
proposal of iroir wheels and pinions for any but the 



TUERET CLOCKS. 


m 

commonest clocks^ and Mr. Dent also tried them^ but 
they had to be removed, and replaced either by wrought 
iron«or brass ones. It should be remembered also by 
people who thidk the^ must be getting a superior 
V article by ordering a plock with gun-metal or brass 
wheels,'that they have no security for the quality of 
either, as they vary much more and also more invisibly 
than cast iron. I have •deen and hoard of brass teeth 
w(*Fn out in an almost incredibly short time, long 
before iron*'Would show any signs of wealing. And 
similarly with regard to the pinions, 'ordinary pur.* 
chasers caimo^ tell the least whether they are properly 
shaped or properly hardened, or in short whether the 
clock is worth half the moiley they have to pay for it. 
Moreover few people have any idea how rapidly brass 
is affected and in fact destroyed by such an atmosphere 
as that of London and other large towns. I have 
several times seen the brass tub^s which kad been used 
in dial work, and thin pieces of brass elsewhere, brought 
back to b^ repldted with iron because they had become, 
as one may say, completely rotten in the course of a 
<few years. The small brass wheels of the Westminster 
clock and many others are painted, all but the teeth, 
instead of the absurd practice of polishing the surfaces 
to look smart for a'^few months, and then d^cay. 

Mr; Vuiliamy denounced that folly of polishing non¬ 
acting surfaces in his pacnphlet on''public clocks thirty 
years ago; but most •of the clockmakers still follow it, 
no doubt because it is a great deal easier to do and 
more* likely to captivate ignorant purchasers than 
taking dare that thd escapement is scientifically Aide, 
and a number of other things attended to which make 
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no show^ but make all the real difference between a 
good ^lock and a bad one. I suppose it may be said 
without exaggeration that there is no machine made 
find sold in England^ perhiij)s no Article whatever 
in common pse^ which ^ few the purchasers know jr 
how to judge of, and therefoi^e in which Wposition is 
so easy as turret clocks. In the great Aajority of 
places too there are not cveti any reliable means of 
knowing whether the clock goes well or ilf I^lrtrve 
known nearly ;ill the clocks in Leeds for instance 
several minutds wrong, except the one at St. George's 
church, w'hich is a very good one, and whjch* I knew to 
be right by a meridian instrument in the neighbour* 
hood, but of course it was "pronounced wrong by nine 
people out of ten. 
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I have said at p. 125 to 139 all I have to say about 
the three-legged gravity^ cscapeincnt its(?lf. I%ave now 
to explain the general const^ction and arrangement of 
large clocks with such an escapement. This elevation* 
of one (fig. 41, next page), of what is called at Mr. 
Dent's the first size church clock, is rather different in 


arrangemeiiJ: from that given in the*former editions, SiS 
I have transposed some of the parts in order xo accom¬ 


modate the same j^attern of* frame to all possible 
positions bf the clock. It is n®t^ worth while to go 


through all the reasons for the alterations; it is enough 


to*say^that they are made .because some inconvenience 
'has %e£n actually found on^some'occasion frdm other 
positions of the Various parts ;* and if you alter this as 
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a general plan^ you nill probably find that you are in a 
difficulty either when the ropes have to go upwards, as 
they often have, or the dial-rod to go straight thrdugh 
from the ba<^, or large flies tt> be used. 

The going*part is ali^ays made to go ft^ll eight days, ^ 
and the numbers of the wheelstare 12a, 90, and*96, and 
of tjie pinions 10, 9) and 8, for a 1} sec. pendulum; for 
a sec. pendulufii the lastVl^eel aiffi pinion are 90 
and 9. The hour pinion has 40 teeth in all cases.* fte 
size,here drawn, a 13 in. great wheel, is iSrge enough 
for any church dials in England. The second size clocks 
have an 11 inch wheel, which is quite large "enough for 
four 6 ft. or ft. dials. These clocks are really much 
stronger than, the old patterns with a larger wheel and 
smaller pinion to drive the dial-work# 

I have drawn the great pendulum cock of the height 
suitable for 9 inch pallets, .as they have hitherto been 
made; this drawingJiaving been cut before we had made 
any clocks with the double scapewheel (fi^. 2i)«and 
shorter pallets, which is manifestly the best construction. 
It involves no alteration frOtn fig. 41 except making the 
pendulum cock shorter, which is of course no disadvan¬ 
tage. The pallet-pivots are themselves set in the pendu¬ 
lum cock, tl^e arbors lying close on ea^h side of the spring. 
You must l^ke care to leave room for the fly ^ clear the 
front of the cock or |he piece which comes over to carry 
the front pivots of the pallet Srbors and there’ is no 
difficulty in this, because the natural arrangement is 
for the fly to be in firont of the scapewheel even when 
, it is single, and therefore of the jpallets, whjph are of 
coursq in frent of the pendulpm top. The pendulum 
in these clocks is hung within instead of behind the 
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bade bar of tbe frame to which the cock is bolted. 
Just in front of the pendulum is a much thinner bar 
attadhed at its ends to the large cross bars between the 
going and strikmg parts^ This thin bar has only to 
•carry the small cock f(w the f^k pivot cf the scape- 
wheeb and the fiy and»pallets and scapewheel come 
between that thin bar and another stronger one about 
2 inches i?i froiA of it^ which carrieli the bushes for the 
baha pivots of all the going %hecls^ except the scape- 
w^eeb whose front pivot is carried by another small 
Qock set upon that bar with a bush or smaller cock of 
brass upon itatop of the shape proper for enabling the 
third wheel to drive that pinion; which any clockmaker 
of moderate ingenuity will easily plan for himself. 

AU these clockr that I know of have had only ij- 
secondk zinb compensated pendulums with bobs of 
about cwt., except Westminster, which is 2 seconds 
and 6 cwt., and Leeds li seconds ^and cwt., which 
were so made because of the heavy dial works. There 
seems no doubt, froirf the experience of Mr. Bent, 
Mr, Cooke of Buckingham® works, York, Mr. Joyce of 
'Whitchurch, and Messrs. Cope of Nottingham, the 
principal makers of these clocks (though 1 have heard 
of others whose works I have not seen), that they go 
decidedly ^better witb these comparatively **short pen¬ 
dulums than the best dead escagement clocks with 
tonger ones, unless th6^ have also a train remontoire 
as described at p. 227^ Nevertheless the usual rule will 
hold with this escapement as with others, that long 
pendulupis are bettc^r than short ones. » 

The bevelled wheels put in any convenient place 
to dear all the rest* The construction of this part of 
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the work is the same as explained already at p. iSo. 

When the dial rod leads off backwards, of course no 

« ^ 

bevelled wheels are wanted. I have omitted for^dis- 
tinctness the regulating dialmrjiich stands on the front 
of the frame.* There shojlld be ^me half-minute marks 
painted on the third wheels wl^ich tuims in go Sbconds, 
to serve for a seconds dial to regulate the clock by. 

The striking pafts in fig. are those o^ a dock 
not going more than two or three days^ and strlkfhg 
the quarters on two bells^ with none at thc«hour. The 
numbers of the wheels may be 96 and 90^ with pinioxis 
of 12 and 10 for both striking parts; ^r*the second 
wheels may be rather larger, with 105 teeth, as they 
are at Doncaster church; *in both cases turning two* 
thirds round for one blow of the haipmer or one chime 
of the quarters, as explained at p. 185. If the quarters 
are to be struck at the hour jrou must* have about half 
as many mor(? cams^ and the second wheel must only 
turn half round for each chime. If the striking garts 
are to. go 7^ days there must 'be from 20 tb 24 hour 
striking cams, in order to avoid an inconveniently large 
number of coils of rope on the barrel. For 20 cams* 
the teeth may be 100 and 90, with pinions of 10 ai\d*9, 
the second^ wheel turning half round. Of course 
these numbers are not essential, and any ^others in 
about the same proj^ortions may be used according to 
the strength and sixe of the gt(!at wheels. ^ The great 
striking wheels in these first sit^ clocks are of east 
iron inch thick, with the cams of the same thickness 
cast with them; for very heavy hammers, say &bove 
*40 lbs.*the earns are faced with steel. Tlie second sise 
clocks have striking wheels of 14 or 15 inchest A 
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wheel of this size with 20 cams is strong enough for a 
20 lbs. hammer or a bell of 5 to 8 cwt. If it has only 
12 dkms and winds up every two days^ it will do for a 
much larger bell, of a ttjin* weight or more. 

The Leeds town-halluClock, ^hich raisesi the heaviest 
hammer in England a%]' Westminster, has, like that, 
only 10 cams faced with steel; the wheel is 22 in. 
wide and^ 2 in. thick. In other rbspects the clock is 
veiy Jike fig. 41, except that there are no quarters, the 
Gorporatioif' having wisely determined to spend the 
money which merely common quarters and their bells 
would hav^ cost, in an unusually large hour bell (see 
list of bells at the end of the book) and a clock capable 
of striking on it effectively, which is both far more 
useful and far more imposing in effect. It is a pity 
they alio VI 6d themselves to be overruled by their 
architect in the' matter oC the dials, which are a great 
failure. ‘ " 

When there are quarter chimes on four bells, ^he 
3rd and 4th sets of cailis (which should be the thickest) 
may be cast on opposite sides of the great wheel, and 
*the first and second cast in another pair, and then all 
bc&ted together. In that case all the levers must be 
on one strong pin. The object of putting them as in 
fig. 41 foi^ two bells only is to make one set of cams serve 
for both levers. I have only drawn a few of the notches 
in both thq locki^^g-plstcfs L L to avoid confusion. The 
quarter locking-plate* may be put on the great wheel 
arbor if you like, whenever the great wheel turns in 
somb wl^ole number^ of hours; but it makes thelogking- 
plate rather inconvenientlj^ large, and therefore I have 
drawn them both as driven by pinions.* 
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All the other details of these clocks have been already 
explained under their different headi^ or are evident 
enough from fig. 41 to anybody who, is likely to* want 
them; and such persons will also perceive that I have 
omitted many lines in ihe drawing to avoid confusing 
it. The only wheels in the whole dlock which it is at 
aH necessary to make of brass or gun-metal are the two 
which drive the "escapement, |md their pnions are 
lanterns^ which will be described hereafter. If anybody 
likes to have^ the 2nd wheels of the striking parts*of 
brass driving lantern fly pinions, there is no objection 
to it; but tbe great wheels I should prefer of cast iron 
with the cams cast on, even if th§re were nothing to be 
saved in the cost. 

1 am sorry to have to add a word of caution re¬ 
specting the hands in which these—or* indeed any 
clocks of a new construction, are to be placed after they 
are made aifd fixe^. I have been informed of several 
cases where they have^ beyond all doubt been wilfully 
damaged; and even without demonstrably*wilful da¬ 
mage any clock may be easily made to go ill. In two 
cases the train remontoire had been found destroyed 
and of course the clock declared to liave failed. "In 
one of thpm (a clock of Mr, Dentes) Mr. Potts was 
engaged tb restore it by a gentleman in the|town, and 
the good going of^it was then restored immediately. 
It is one more advantage ot‘the .gravity,escapement 
clocks that they require less careful handling, and are 
less liable to damage from mere carelessness than any 
others, besides being quite as easy, and cheap ,^to ihake. 
I have never heard of any difficulty or failure in one of 
them, except in one or two cases from the escapement- 
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fly not being properly fixed at first, on which 1 have 
done my best to give clear instructions in the descrip¬ 
tion df the escapement. 

I will conclude this part of the book with a story 
'which illustrates the value oi*. public clock tenders 
better than any opinion Jr could express. A few years 
ago I was staying at a place in the north where they 
were going to put up a new church dlock and had got 
a ^od many tenders for it varying from 60/. to 
100 guineas) all engaging, as usual, to supply every¬ 
thing of the * best.' I was asked to go to a meeting where 
the competitors were to attend, and helps the church¬ 
wardens to elect a cloqkmaker. They were successively 
called in and I asked them a few questions as to their 
style of clockmaking. The first man that came in, after 
a few questions, begged to refer us to his foreman, who 
then took up the examination for him; nevertheless 1 
had to pronounce them both dccicjedly'‘plucked^—a 
word more generally understood now than it was a few 
years ago.** Then came* one whom I have several times 
mentioned, Mr. Potts; of wliom I then knew nothing, 
* but whose answers satisfied me that the job might 
safldy’be given to him if no better man came; and 
nbne did come, for ' the rest they ran away,’^when they 
learnt wh^t was going 011, and that for oLce neither 
the lowest tender nor the most flaming promises were 
going to be accepted. yrhe fact was that the low- 
priced clocks would hfltve been dearer than the highest; 
and 1 was glad to find afterwards that that aflair set 
a fashion for good clocks in the district and for many 
miles round, where but ^r that accidental ^ compe¬ 
titive <examination^ by an examiner of some experience 
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at any rate, there wotUdj^very likely not have been 
one public clock capable of going any 'betteir than a $1. 
railway dial. ’ 

• '* > . • 

CONSTRUCTION OP THE WESTMINSTER CLOCK. 

9 

Jhe frontispiece of this book is a front elevation of 
this great clock, o^so much ol it as can be, shown in 
one view without confusion, for which purpose I* have 
drawn the.whcels and pinions only as cMes. As‘ I 
have,inserted the numbers of the teeth, and the size of 
all the parts may bc taken from the scaled 1 shall say 
no more of that, than that the frame is 15^ feet long 
and 4 feet 7 inches wide. The going part does not 
occu])y above 2 feet of this width, the front bushes of 
the wheels being carried on a separate frame-bar lying 
on the two cross pieces of vnhich the ends are shown in 
the drawing*bG]tcJ. to the great back and front girders. 
The space between the front of the ^ going part^ and 
of the great frame happens tq" be convenient for the 
fall of the ropes from a dcftiblc-barrellcd crab (fig. 42), 
which is fixed upon the iron beams BB which gd 
across the room from east to west to carry the * motion 
work' or pests of bevelled wheels above the clock, of 
which theP first pair are shown in the drawing. This 
crab is the only ipcans of getting anything into the 
clock room which Is too hcav^^fo be,carried by a man 
up the stairs. It consists of two* small equal barrels 
with four pulley grooves in each, each having an equal* 
wheel at the end turned by equal pjnions on thf widding 
arbort ovea the page is ans»elcvation of it. The rope 
passes over the outer halves of the two barrels 4 times, 
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one end falling down the clock shaft or well for the^ 
weights, as the other rises; and it can either be used 
with a single rope, or a double one'through a pulley 
‘attached to the thing to be ]ifted, so *as to double the 
power. I ftnd it is not*a new invention in principle, 
though I believe it is in arrangement; but whether new 
or not, it is certainly very little known, and it is so con¬ 
venient and so much lighter and smaller than a common 
crab with its long barrel and Heavy wheel ^nd fiigime, 
and a rope coiled many times round, Toasting po^e^ 
at every fresh lap-over, that I am surprised it is not in 
common use. The pall P is in effect a silent click to 
hold the rope' when the handle H is let go. It will 
turn over on the horizontal pillar at the top of the crab, 
to act the opposite way when the barrels are worked 
the other way. • ^ 

The back of the clock frame is 2 ^eet 5 inches from 
the west w^l of the foom, which is the east wall of the 
ventilating chimn*ey or air-shaft of the Houses of Par¬ 
liament running all the way up the t»wer. • The* room 
is 28 feet by i8, and the clock lies, as shown in the 
drawing, on the north and south walls of the shaft pr 
well for the weights, which is 174 feet^high, and^ the 
floor of the room is 2 \ feet below the top of two iron 
plates wlSch cover the walls and Are spread out behind 
and built in quite through the wall of the airshaft, so as 
to prevent any polsibility of #»dway motion of the clgck 
frame, which is bolted to the .piaffes. The pendulum 
cock is a large piece of iron frame work cast in one 
* piepe and also built in through the wall, quite injdepen- 
denf of the clock frame. The* pendulum Achamber is 
mafle of sheeffiron within the weight shaft, in order to 
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^protect the pendulum from the wind: you c{in descend 
into it by a ladder and a trap-door; which can seldom 
be wanted, as there is a degree plate set on the floor 
under the clock) \^hich is ajittle lower than the general* 
floor of the room, and is^ covere^ with a grating lying 
on the beams which carry the returned end of the 
ropes. • 

Begulation. Here also* is the apparatus for altering 
the clock by any quantity less than 4 seconds or 2 beats 
of the pendqlum, for which various plans were pro¬ 
posed in the earlier discussions about the clock. There 
is a collar fiied^on the pendulum 4 feet 10 inches from 
the top, to carry the small regulating weights described 
at page 65, oz. there being'equivalent to i sec. a day. 
There is also another large one of about 6 lbs., which 
fits loosely round the rod except at one side, so that it 
can be lifted off;* if the clock is a little too fast this 
weight is carefully taken off, while they wifld the clock 
up, until it has lost the requisite quantity, about a 
second in ^quarter of an hour, afid then it is put on 
again. If it is too slow it may be either be accelerated 
by laying on another similar weight which is kept in 
the ^oom, or J^e first put on 4 seconds by lifting the 
pallets to let it trip one beat, and then made the i or 
2 seconds slower by taking off the weight which lies 
on the pendulum*; whereas you cannot put a dead 
escapement forward at nor back mthout some risk 
of injuring tKe teetfl. ^ • * 

The pendulum weighs 685 lbs. altogether, which I 
lUppo^ is much the heaviest in the world. Its qpn- 
struction ft shown at‘page ^ 6 , From the ty^p the 
spring ^to the bottom of \be bob and 'compensation 
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tabes feet 5 in. The zinc tube is 10 feet 5 in,# 
it is ma^b of 3 tubes put within each other and then 
all drawn. together, and is nearly i* inch thicl^ In 
•Other respects the construction is that described at 
page 56. JCIie pendulum spring is only ■5V inch thick, 
3 inches wide and 5 inches fong between the chops. 
The great pin through the upper chops has nuts on its 
elids to adjust to the edntre between the pallet 
arbors. The pendulum cock and the position o£ the 
clock floor are so arranged that a man 6 feet high may 
just stand Upright with his head inside the cock so 
as to look square at the action of the jescapement; 
which is, or will be when it is completecl, for the clock- 
makers were Mocked out' by the Board of Works 
before it was finished, on the cracking of the great 
bell— ’ • 

The double three-legged gravity escapement 
described »t page 134. * The scape wheel teeth are 
5 in. long and tlie length of the pallets down to the 
stops is 10J inches ;^he teeth of the twe^wheds not 
being set quite hexagoi:\,al or equidistant, for a mere 
local reason not worth explaining. The pressure on 
the stops is only about 4 oz. The pressure on the 
pallets from an ordinary dead escapement wheel of 30 
teeth wopld have been above 4 pounds ; and if the clock 
had been made on the rival plan, which Mr. Vulliamy 
and the Company of Clockpfikers tried to force upon 
Sie Government, with a 7-mch Wheel <Jf 60 pins, it 
would have come down upon tfie pallets with a thump 
• of half a stone ; and tjie pendulum would have had to 
mi^e its way under the frictiorf due to th*t enormous 
wefght presnng on the* pallets through the whole 
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cwibration, instead of the insignificant friction due to 4 
ounces acting only at the moment of unlocking; which 
is moreover so tnuch relieved by the sloping of the 
stops, that I could find no difference in the experimental 
weight required to lift the pallets whether the scape- 
wheel wag bearing on them or*not. I found that in 
either case .they only required an ounce falling *9 inch 
at every beat to lift them, ♦which is nqt quite equivalent 
to lbs. df the 2^ cwtt (including the pulley) which is 
the going weight of the clock, or about ^ of the whole. 
In other words, if the pendulum had a pair'-of horizontal 
arms only 9 inches long standing out from its top, an 
ounce weight laid on the end of each arm alternately 
at the beginning of every vibration and knocked off at 
the end, would be enough to keep it swinging 2° 40' 
against the :^sistance of the air and such friction as 
there is in this escapement. The fly is nearly 11 inches 
long in each vane and nearly 2 in.*wide: it is set on the 
arbor by what may be called a silent 'ratchet, or a steel¬ 
faced *rolleij,with stiff springs hewing endways against 
it, but obliquely, so that the^fly can run forwards, but 
not backwards. It is almost impossible to make the 
escapement trip by any force you can apply to it by 
hana. Hitherto it has been going with the four-legged 
scapewheel (page 137$, but the double three-Jpgged in 
the Leeds (dock k clearly better, and is ready to be 
put in. ^ „♦ * 

Maintaining power., The going part of this cloc]|^ 
takes about 20 minutes to wind up, and therefore none 
of the common maintaining powers would do. A bolt' 
and shuttei (see p. 153) might indeed have been made 
to lift higher than usual andf so keep in action longer; 
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but then it would have to be very heavy, and moreoveif 
there was the risk of the man being interrupted while 
winding, or stopping to rest, and so fetting it rrm out 
of gear or stick fast. Mr. had proposed a modifi¬ 
cation of his Northumberland telescope apparatus, 
which I have already mentioned as halving been used in 
the Exchange clock; but that is also liable* to run out 
of gear, and is open to other objections; and so the 
following much simpler plan w^s adopted, T^ith hi^ full 
approval as soon as I suggested it. The Jjarrel in ^ny 
case would re'quire an auxiliary pinion to wind it, t^ing 
into a wheel on the end of the barrel itself^ close to the 
great wheel; and the only addition is, that the back end 
of the winding arbor runts in a loose bar, which hangs 
obliquely from the back pivot of the barrel (as shown 
in the drawing), and has a click on it which acts 
upwards in a set of ratchet teeth oast on the back of 
the great wheel. When the clock is going and not 
winding, these ratchet teeth pass under the click, just 
as in Harrison's going ratchet, (page 51); i)ut as soon 
as you begin to wind they, stop the click and theftar 
from rising as it tries to do, and the great W'heel itsqlf 
thus becomes the’fulcrum for the winding up ^o^ the 
barrel, and so the clock weight is for the time trans¬ 
ferred to jthe great wheel. • 

The winding arbor fits loosely in both •the bushes, 
because the^ack jjivot and ite *1)0811 in the bar gradually 
move a little upwards as the great wheel turns, while 
the front one of course remains fixed in the clock- 
"fra^e. When it has moved as far as it was thought 
prudtent tq let it go, a long tootli on the winding arbor 
catties against a stop in th% back frame, and the man 
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Cannot wind any farther without turning the handle 
back a little to allow the bar to drop and the click to 
take up another mouthful of the ratchet teeth. The 
" unusual length of the winding arbor, 4 ft. 2 in., makes 
this sideway motion insi^ificatft for 10 minutes^ motion 
of the great wheel: if the frame was narrower it could 
still be used*, taking care to put the stop so as to prevent 
. too much oblique action. 'Very few clocks take as much 
as 5 •'minutes to wind up'the going part. If you take the 
trouble to calculate the pressure, you will find that 
there is rather more force on the clock in winding than 
usual; which J;»pwever is of no consequence. If the 
winding pinion were larger in proportion to the wheel 
the difference would be greater; but it might always 
be equalised by haiiging a weight on the loose bar, just 
enough to ccunterpoise the difference. The winding 
pinion pulls out Of gear wifh the wheel in the usual 
way. ^ ^ ** 

The dials are 221 ft. in diameter, or very nearly 400 
ft. in area,und aife made of cast* iron frame work filled 
wiflt a very expensive kind of opal glass, which appears 
to me no better than some much cheaper glass of the 
same cplour which is used in other clocks of Mr. Dent's. 
The dials and the hands together appear to have cost 
no less than 5334/., which is about 2000/. more than 
the whole dost of the clock and all the striking work 
up in the bell chamber: 1 1 shall have more to say of 
this in the bistory® of the clock. The minute spaces 
are a foot square, and the figures 2 feet long. The 
dials would have been clearer, and the hands more 
visible upon them, if (he framework rings beyond' the 
minutes and the figures liad been omitted, as they 
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diminish the clear space in the middle of the dial bf 

about one third of its area. The dials stand 5 feet from 

a whited wall which is the main wall of the clocl^ room 

• and clock-tower, and in front of which the gas lights for 

illuminatiop are to be. > I have nothing to do with this 

part of the business, beyond providing lihaU the clock 

shall be able to light up and turn down the gas if 

Required, in the *7ay described at page 214. It is in-. 

tended to have two sets of gtis jets: onej only^mall 

ones, to set light to the others, which will be turned 
. ^ ' • . * • 

completely Off in the morning by the clock, but the 

small ones only turned down low. The:^e is nothing 

peculiar in the dial-work except its size, which may be 

judged of from the drawing of the clock and fig. 42, and 

the fact that the minute wheel arbor is 8 feet long and 

3J inches thick; it is of coursO tubular* except at the 

ends. The dial centres are exactly 6 feqt above the top 

of the walk, or 180 feet from the ground. 

HandSi The "minute hands, as now made by Mr. 
Dent from my design^are thiij copper tubc^of a lection 
formed by two segments,of circles, with a few-«dia- 
phragms soldered in, set on a gun-metal stalk or central 
piece, which also Terms a partial counterpoise both for 
wind and weight outside, there being another of cast 
iron in^de the clock room, to divide the pressure 
between the two ends of the arbor. This* copper tube, 
or pointing part df each mi4ui:e hand, only weighs about 
28 lbs., though they are in. vTide n*ir the centre, 
running off to 5 J in. at the end; the gun-metal stalk of 
each hand weighs very, nearly 1 cwt.; but the .whole of 
thfirt weight is near the centrej and so its* moment of 
indrtia at eadi beat of tbef pendulum affects the clock 
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very much less than if even the same weight were dis¬ 
tributed all along the hand. The length of each hand 
and 4 b external counterpoise is 14 feet; and the total 
weight of each hand with its external and internal' 
counterpoises is now within 2 cwt., wheyeas Sir C. 
Barry's 4minute handstand counterpoises (of which I 
shall have to speak in the 'history of the clock) weighed 
a ton and a quarter. Hisnhour hands are still there; 
for tjjough Very bad in Vjonstruction and three times as 
heavy as,they need be, their^motion is so slow that they 
do not sensibly affect the clock as the minute hands 
did, and so they may as well stay until they become 
unsafe. One 01 them has cracked already and had to 
be taken off. The hour hand* arbor is a tube 54 inches 
wide, and lies on. large friction rollers both behind the 
dial and withip the clock room. It was easy enough to 
put the clock room^ end of the minute hand arbor on 
friction rollers too, as it of course ‘ projects beyond the 
other; but at the other end it is managed by setting 
the pilots qf 4 smaller rollers in a*pair of rings screwed 
outside the hour hand tube, ,?i»d cutting holes in that 
for the rollers to go through and reach the minute 
arbor, so that those rollers move in a 12 hour orbit of 
their own, besides the pair in action for the time turn¬ 
ing on their own pivots. « 

Quarters.*- There is nothing very peculiar in the 
striking of the quarters. .The positiod of the levers and 
cams is evident from the picture. The wires go up 
.alternately on opposite sides of the winding-wheel arbor 
to prev^t their fouling each othpr; and the 4th bell ^as 
two hammers because ^herc is one place (as^you may 
see at page 191) where the blow is repeated too rapidly 



QITAETERS. * 253 

• . » • 

« 

for a heavy hammer to fall and be lifted again by two* 
successive cams^ which would also have to be very short, 
with a great strain upon them and the levers. • The 
hammers are all nearly (jf the weight of their bells, 
which I am satisfied, both from experience and authority 
of books, is the proper proportfon foii bells ouTthis scale 
of thickness, which is that of the smaller !ind thicker 
bells of church peals, as I shdl explain more fully after¬ 
wards. The levers are all 19A in. long, and flieir centre 
is nearly 36 in. from that of the wheel. The cams are 
of wrought ifon with hard steel faces, screwed on ^o a 
cast iron barrel which is bolted to the gyeat wheel, and 
they are constructed on the circular section which I 
shall describe for cams •under the Teeth of wheels. 
Between the clock and the bell chamber there is 
another low room in which the cranks ane, for leading 
oif from the vertical wires to the 4 quarter bells. These 
wires are intact wire ^opes: I had them substituted for 
the iron rods which were at first used both in the 
quarters and the hour* striking parfsf and thereby got 
rid of an amount of concuseion and noise in striking, 
which sounded as if the clock was shaking to pieces. 
Now the action iu*the clock room is so silent that you 
hear nothing except the bells and the passing of the 
click whujh stops the train frodi running back .in 
winding. ^ • • 

Hour-Striking ^art. Th» great striking-wheel has 
10 cams 24 iu. wide cast upon it jind these have steel 
faces screwed on to them. The lever has a thick part 
In the plane of the cams and'a longer and thinner 
piece^lying^behind the whe^l antf having the hammer 
rope* attached to it, or rathel a short rod with a,swivel^ 
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'‘and nut to take up tke rope. The rope is half an inch 
thick) the same p is used for the striking weights, and 
is about 25 feet long and reaches up to the horizontal 
arm of the great hammer, lever, which projects 5 ft. 4 
in. from the pivots, which are^ forged as part of the 
collar in ^hich the great bell hangs (see page 198). The 
hammer shank is also double, going through 2 holes in 
the cast iron head, which Ti’eighs near»7 cwt. and is lifted 
13 iia. from the bell, of about 9 in. vertically. There is 
aU'iron plate screwed to the hammer shank, which falls 
on india rubber buffers 5 in. thick, carried by a kind of 
long stirrup l?uiig from the bell frame. The other 
hammers are prevented in the same way from jarring 
on the bells. The constnfetion of the bell frame, 
which is entirely different from the usual form of 
frame for swinging bells, niade it impossible to fix the 
hammers or the buffers in, any other way: not that 
there is any objection to this, except thtft it is more 
expensive, and the hammer shank is farther from being 
horizontah ' * 

The second wheel turnsround for each blow, as I 
explained that it might at page 185, and the third wheel 
and fly make 4 turns for each blow. The fly arbors 
are placed vertically in order to get room for the flies, 
wjiich have to be put near the top of the room. The 
vanes of the hour fly^ are each 2 ft. 4 in. square and 
extend 3 ft. from the arbor *. the quarter ones are rather 
larger. To prevent all risk of accident, the ratchets 
are not pinned but ‘ squared * on the arbors under the 
flies themselves with an octagonal fitting, and each fly 
has two clicks. The stops are set on ^.sprin^s to 
diminish the blow at stopping, and th^ striking work 
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is stopped on the lift^ both for accuracy of discharging* 
and for diminishing the constant str^n on the 'Vfheels 
and arbors. Each striking weight is ^nearly a toA and 
a half; and you may obsear^ that each of the three 
parts is so arranged thatT the "^eight hangs between the 
arbor of the great wheel and, the teeth or c^s which 
haye the heavy work to do, so as to reduce tlie pressure 
and friction on thfl arbors as^nuch as possibje. K this 
striking part had been made as tffiy often- are,•and 
lifting by pins instead of cams, the weigl»t would very 
likely have had to be 3 tons, or more than a man oould 
wind up in a day. • * 

The mode of letting off the hour-striking is peculiar. 
It was one of the original conditions, that the first blow 
of the hour should always be sfcrncl^ within a second of 
the real time; and in order to do this it %as not suffi¬ 
cient that the clock should,go far more accurately than 
usual, but tdere must also be the means of making the 
hammer fall exactly when the clock reaches the^ 60th 
second of the last minute of the hour. PiAt then it 
was necessary to leave it»on the lift and nearly ready 
to fall as soon as the striking part is discharged; and 
secondly, to have some more sudden and precise means 
of discharging it than the slow motion of a snail turning 
in an hour. It was at first intended to do it by the 
train remontoire described at page 228, with which tHe 
clock was made; but wheit fit became expedient to 
remove this on account of the Azfi and momentum of 
the hands after the dials were altered, it was also 
necessary to contrive some other^plan for discharging 
the Striking part with eq^al accuracy: and this is it. 
P Q is the ordinary discharging lever lifted by the snail 
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on the hour arbor, P being the first stop against which 
the arm E P on. the third wheel of the striking train 
is stopped when it has done striking.*'' The second or 
warning stop D is not oi? P Q, but on a short indepen¬ 
dent lever CD. B AS js another lever set-on pivots A 
on the cross bar of the great frame, and its heavy end 



S is lifted and dropped by p. snail on the 15-minute 
^heel of the escapement; when it drops it tips up the 
second stop lever C D, not merely by dead weight, but 
with a blow, which is certain to overcome anv friction 
much greater than there can be between the^^two stop¬ 
ping piecesi Of course the lever BAS drops every 
quarter of an hour; buti i^ does nothing to the striking 
part except when the stopping piece is resting against 

* This lever, and several others, are omitted in tlie elevation of the 
clock {frontispiece), as they conld not be shown witbont confusion ; and as 
the snails are'all shown, any mtelligent reader will understand whrre the 
discharging levers must be ; there I'skn intermediate one £c^m the quarter 
snails to>the quarter locking lever. 
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the second stop, i.e, when the clock has given warning* 
for the hour. It is let off at the 58th second, or*the 
last beat but one of the pendulum in the hour, and the 
ft’ain just gets far enough intp motion to let the hammer 
fall as the seconds hand makes its last jump for the 
hour, and it acts with the gtedfest precision. * 

This precision in letting oflf the hour-striking made 
thS want of it disagreeably apparent in the quarters, 
which were at first discharged* in the usual way by a 
snail on the hour arbor wjiich leads ofl^to the dial 
work; and w£ had to put a larger snail for them pn a 
separate arbor under the escapement wl^eels, free from 

the shake of the hands and dial work; this answers 

% 

very well and there is iJever more than 2 seconds 
difference now (if so much) in the time of discharging 
the quarters. The ist, 2nd, and 3rd quarters all begin 
to strike at those times ^respectively; but the 4th 
quarter is le> off about 20 seconds before the hour, so 
that it may have done striking before the hour begins 
at the real time. • - • * • • 

Winding. When the hst edition of this book was 
written it seemed likely that the clock would require so 
much power to wind it that it would be worth while to 
apply some hydraulic apparatus, and I there suggested 
what seems to me the cheapest possible form of it. 
The fortunate cracking of the first bell however delivered 
us from that difiicuIty«-> It wait cast by mistake so thick 
in the waist that it required a }ia«nmdr of nearly 14 cwt. 
raised 14 inches to bring out the sound. The second 
bell only required a hammer of half that weighl^ and 
the winding of the striking partky hand is how quite 
easy hnd can bb done by a tnan in considerably less 
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^ than a common day's work, and so all the cost of the 
hydraulic apparatus is saved^ which I have no doubt 
would have been looo/. at least, to say nothing of its 
being certain to get ou{ of order sometimes. Thfe 
third great bell must be made from the ^me pattern 
as the pit;seht on^, to make sure of the same note, and 
as we may* hope it will be cast soundly at last, it will 
not at any rate require •a heavier* hammer than *fhe 
present ohe. Nevertheless if such a job had to be 
done again (^wliich is very >mlikely) and if the architect 
wej^ not again permitted to construct the clock tower 
without any communication with the persons who were 
either to make or to superintend the making of the 
clock, it would be well worth while and perfectly easy 
to make provision for driving the striking parts directly 
by water; Lmean not by a cast iron weight wound up 
from time to time*by a hydraulic apparatus, which would 
be sure to get out of order sofnetiraes, but by water 
alone running into buckets over *an endless chain.* 
Here it was impossible j for (as you may see by the 
picture of the clock) it was .only with difficulty, and by 
making the striking wheels and going wheels overlap 
each other, that the bare ropes coufd be made to fall on 
the proper side of the barrels, within the width of the 
clock-shaft from noHh to south; and it is,'very little 
consolation that it is 2 feet too %ide the other way, 

« « 

* I wonder it nevercocenrs ft) the persons who suggest all sorts of 
ingenious plans for winding *th<^ clock by the tide, or the wind, or by 
people walking over a sort of weighing machine on Westminster bridge, &c., 
that any such contrivance would cost far more than the capital represented 
by the*annu#l cost of winding the clock by hand, to say nothing of the , 
adcdtional cost of repairs, and the c%^tainty of the thing s^metimef getting 
out of order and leaving the clock*helpleBS. ** ‘ * 
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while the adjacent air-shaft waar nearly as much too^ 
narrow for the width of a bell of the weight which was 
fixed^sqpon before the tower was built. 

* The striking parts are mad^ l^o go only 4 days^ though 
it had been .originally specified that the clock was to 
go a week; but 1 found no tfuan cohld wind 
either of them up in a day if they went a week; and 
iP parts of two daya were to bfe spent in winding, it was 
in every way better for the cfock and easier foiwthe 
wiiider to divide the week, instead of making the clock 
go for 5 days and wind for 2. Mr. Whitehurst pro¬ 
posed the same arrangement in 1847 : {jie <did under¬ 
stand something of the work to be done in striking a 
14 ton bell: Mr. YuHiam^ evidently did not, and his 
proposed striking part was altogether absurd. In that 
competition Mr. Dent was actually nevw told what 
weight the bell .was to be, apd understood or assumed 
that it was to be ^ or 8 tons, which w'eight was men¬ 
tioned in the first correspondence on the subject. The 
going pi^ of the clocl^ \vitt go for idore tljun 8 days 
without winding; it is prudent to make that part go a 
day longer than the striking parts in all public clocks^ 
so that if the man forgets the day of winding, the 
clock may not completely stop, but may proclaim his 
negligence* by silen^ 

Winding stops. T/Lnother peculiarity aAsing from 
the great size of the clock an4 tts weights is the neces- 

S ^ 

sity for stopping the winder wjheti§ver the clock has to 
strike ; and I thought it safest to do this by absolutely 
pulling him up, and not* to trust merely to a ndise or 
some Such yarning. In ea^ striking part a long lever 
(omitled in th^ frontispiece io avoid confusion) Eitands 
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in the way of a tooth or arm on the winding arbor: 
when the man begins to wind he must lift this lever up 
on to a certain hook which will hold it up so long as 
the weight of the levey rests upon it ; but when the 
weight is relieved the hook back: this is done by 
the snaira few n?inutes"'/bfefore the clock is going to 
strike^ and just a minute before it strikes the snail lets 
the lever drop again, and''the hook ♦being then out^^f 
therway, it drops completely and stops the winder; 
and the man then throw? the winding-wheels out of 
gear. 

This throwing out of gear is also done by a new 
method: the first pivot of the second (150) winding- 
wheel arbor is set in an eccentric bush, which can be 
turned in its own holes by a lever with a handle to it, 
as you see in the drawing, and the eccentricity is just 
enough to take the teeth ,of that pinion out of gear 
with the great winding'wheel, leaving the^znd wheel in 
gear with the winding-pinion (14). Besides this the 
ropes th(smselve% stop the* wihder when the weights 
are wound up to the top,'by throwing another lever 
off a hook on which it has to be set before the man 
can begin winding. In all these winding and main¬ 
taining power contrivances there are some further 
provisions for enabling the mai^o turn the winder 
back a littie, to letf the barrel ratenets down softly on 
to their clicks, but it is^iardly worth while to describe 
them. ^ . 

Provision is made in the clock for reporting its own 
rate «Jf going to the Greenwich observatory at any^ con¬ 
venient hour or hours eve:cy day, by electric telegraph, 
as 1 have already described under ^ electrical clocks * at 
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p. 159; whether tte Government will incur the expense^ 
of laying the wires to one of the telegraph stations in 
London, I do not know. Of course anybody can test 
the going for himself—as 80i)i\ as the clock strikea the 
hours againy by listening to it while he ^looks at the 
timeball in the Strand at i^o^clocli, allowing for the 
velocity of the sound, which is about 4^ seconds to a 
mile; and perhaps that is sttfiicient without the other 
electrical connection. The history of this clock and its 
beljs is remarkable enough 4;o be worth preserving on 
several accounts, but it will be more convcnieijt to 
finish all 1 have to say on the mechanics of horology 
first, and therefore I proceed to another subject the 
understanding of which is essential to a clockmaker, 
though not peculiar to his art. 

•9 

■ 

# * TEBTH dp WHEELS. 

» 

There are various treatises on this subject, and I only 
intend to say as much on ifhs it*is necdssary that a clock- 
maker should understand*, if he means his wheels and 
pinions to run together smoothly instead of wearing, 
themselves out by jerking and scraping, which I have 
known tp happen in a very few years. The most 
comprehensive viem of the whole theory of tooth¬ 
drawing (at least ojTthis branch of the art) is in a paper 
by Mr. Airy in the znd voL\? the Cambridge Transwi* 
tionSj and it has been further*ejtpanded *l)y Professor 
^Willis in his Principles of Mechanism, 

^me persons have » mistaken impression tljat the 
objel^t to fum at in constrigsting wheel-teeth is to make 
them roll on one another without any rubbing friction. 
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^ This can indeed be done by what are called involute 
teethj of the shape described by a point in a string 
unwound off thq circumference of a wheel: biit they 
are really useless, because <ihey are so oblique that they 
produce a squeezing pressure* between the two wheels 
which is more thasi equi^iafent to any saving in friction. 
The great thing to aim at in describing teeth is^to 
make the relative velocity of the wheels uniform from 
the^oeginning to the end of the contact of each pair of 
teeth, which »of course involves also the absence of all 
conaussidn or drop of the teeth. Another point is to 
have the action entirely or chiefly between the teeth 
which are separating from each other, and not between 
those which are approaching, which is commonly 
expressed by saying that the action should be after the 
line of centres of the wheels and not before it. The 
reason of this wilf be evident at once if wou draw some 
teeth with a very rough outline ,so as to give an 
exaggerated view pf the effect of friction, for you will 
see that tUfere is a degreb of*roughness which will make 
the teeth jam against each*other and not let them slide 
at all as they approach the line of centres, but that no 
degree of roughness will do this when they are leaving 
contact or are past the line of centres. The most 
perfect thing is when fhe contact t|||(es place Tor a very 
short distaflee only close to the liqe of centres j and 
thds can only be with small teeth, and therefore 
very high numbers (ejedfept with involute teeth, which I 
•have already said will not do for another reason)., 
There»ls indeed a wejl-known* contrivance for getting 
this kii\d of action with iar^e teeth in heavy machinery, 
by putting several large-toothed wheels close together, 
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with the teeth of each a little behind the other, but* 
this is never used in clockwork. 

o 

Heliz-teeih. A modihcatlon of tins plan however, 
very unlike it in appearance,i^s been occasionally used 
in clocks under the enpUeous name of the helix lever* 
The teeth certainly do at firsi^ght suggest the idea of 
an endless screw, but they are essentially different, the 
arb^ors being paral^l, and ndt at right angles as in jm 
endless screw. If you suppose a good many very 4 [hin 
toolthed wheels put together* side by side, ^ach with its 
teeth a little’behind its 
neighbour, they will pre¬ 
sent a surface like a 
rough tooth with a sloped 
face, as in the upper part 
of this figure. Then go 
a step father .and sup¬ 
pose. the roflgh edge" to 
be smoothed off, and the 
result will be a smootB- 
faced oblique tooth, like 
the lower one in the 
figure, which will drive 
teeth of ^ corresponding 
obliquity • on another 
wheel, and the contact * • • 

will be solely at tte line of\ 5 ^ntres, where there is xo 
friction. But w'hen the teeth* ^us become smooth, 
there will evidently be a great endway pressure qn each 
arboj, which there is nob while the teeth are sqUkre, chf 
beloi%ing Jo separate wheqls put together, ^iMs enid- 
way’pressure haay however* be neutralised by.agliiu- 
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'pHttiug two such wheels *togetber with the teeth sloped 
opposite ways. ^ I understand this is called Whitens 
Gearings but I do not know of it being used anywhere 
now. There was a German turret clock on this plan 
in the 1851 Exhibition, whidi certainly went with a 
very small weight; an 3 |'fthall clocks with the single 
helix tooth had been made in England many years 
before by Mr. C. Macdowall (wlrose escapement is 
described at p. 104) 'which also required less force 
than usual, irom the smallness of the friction in ‘the 
teet^. I do not know that the advantage is worth the 
expense; but ^s this construction is \cry little known 
or understood, 1 explain it in case it may be turned to 
any use hereafter. 


Fig- 45 - 


' Epicycloidal tpeth. It may be said without ex¬ 
aggeration, 1 be¬ 
lieve, tl|at all the 
teeth now used 
in machinery 
are constructed 
either as epicy¬ 
cloids or hypo- 
cycloids, and the 
meanijug of those 
words^is this;— 
If you roll a 
circle A G P 
another circle A 
RY, the curve 
^ R P traced by 
any point* P in 
-the rolling circle is call^ an epicycloid to the circle 
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A E YI and if yon roE tlie amall drde A O E vnffhkt 
a lai^er than itself, such as A Q X,«the eturve E Q 
traced by P is a hypoc^doid to that ciirclc* And it h 
remarkable that if the tracing circle is mcnctly h^ the 
size of the one in whioh* it jJls. the hypoey^oid P 0 
is a straight Hue, and is itselfthe diaifleter Q^the 
cirple, and therefore teeth so deseiibed ale called ra^ 
teeth. ‘ ^ 

Nov* suppose A E Y is the drcnmferenoe of whS; ^ 
called the ffeoi^etrical or pite^ cirde of a wheel^Yrh}ch%i 
intended to drive another, and AQX the ptch cf&to 
of the wheel to be driven, which is generidly sailed the 
^follower,’ but which 1 tjiiink it better to cfil thh 
runner, as followers do^^ot usnaEy run before tbdr 
Anver ; then it is easy to see that the are A P of the 
tracing circle is equal both to A E an^ to A O, and alSO 
that the epicydoid always more convex than the 
hypocycloid, and therefbre that the point P in the 
tracing circle is always^the point o&pontact hetweeitif 
two teeth so traced, and the vel^ity of the Wo nheda 
is always the same as if their pitch circles roiled 
each other without any teeth at all. It b 
necessary to observe that the teeth of the driver, to ai^ 
after the line of centres, must be«whoEy ofutside Its 
pitch circle, and those of the runner whe^^y isithh^ 
The part of a toothfwithin ^itch drcle is genera^;g 
called iu flank or roat, and Ihh jparh ontnAo il eallii^ 
%\it point, or the a&d eometimes 

hjscanse the dank is generally made radbh h| 
«hypofvdoid described by*a dido of hdf 
of the (dtdf cti^. Por it*i| further to be 
that dthonjh the points of the driver^end ^ ^ 
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the runner mnst be traced with the aame circle, it is 
not the least nepessaiy that the points and the flanks 
of the same teeth, should be traced with the same drcle. 

In dockwork the whee^ always drive and the pinions 
ran, except tjie ti hour whedl.in the dial-work, and 
the winding wheds and pinions if there are any. It 
can be proved, as yon may see in Professor Willises 
Principles of Meckaniem, but the pi^of is too long to 
give^here, that no pinion of less than 11 leaves (except 
of'a kind which 1 shall <describe presently) can be 
drirai efltirely after the line of centres. A pinion of 
10 can very nearly; and there is so much difference 
between the force required to drive pinions of 8 and 
those of higher numbers, that |ome spring clocks with 
HacdowaU's escapement which answered perfectly with* 
pinions of lo^or 12, fluled with the common pinions of 8, 
for want of force fo drive the two extra wheels in the 
train. Professor Willis gives the following table of the 
lowoE^ numbers w^ich will work together with all the 
action affdr the Ime of den||pes 

c 

Driver 54 30 24 20 17 15 14 13 12 ii 10 9 8 7 6 
Btmner ii 12 13 i4»i5 16 17 18 i9r2i 23 27 35 32 176 

The practical inference from this is, that ^f you use 
these numbers, or |iny higher ones, together, t^e driving 
tbeth require no flanks an^ the running ones no points: 
indeed if yop mea^ to fflirvent any action before the line 
of^iSi^tres, the obviously mnst have no points, 

because if they have they will be geometrically identical 
with 4 lie kseth of a j^nion intended to drive the '«[^heel 
after the line of centres when reversed. Suppoie for 
^ hiebBno0> what is nearly $he case in the Westminster 



W^EIBL AN]> PINXOK. 


€67 

dock, that the great strikiiig wheel at one end of the 
barrel and the great winding wheel »at the other are 
both of the same siae and number ef teethe and 
\heir pinions are also the same; then as the striking 
wheel always drives, hnt th^winding wheij is alwa^rs 
driven by its pinion, the etrikin^ piniqg and the 
winding wheel ought to have no points to thdr teeth, 
and the sections df the two Vl^ls mid pitiions would 

be as in this figure, the right hand representln|^ the 

• • • 

Fig. 46 * • •• 



stadking {fiirt and the left the winding, and^ the acti^ 
being in both cases, yon l^ijerve, after the line ^ 
centres A C, as the arrows inmeate. • • * 

It is evident that '^e sanfb wheel cannot 
jjirive two pinions with radial or straight-flanked 
Whenever the same whedi has to drive two pihhmiti 
flank/ of the pijiion teeth the points at ^ 

teeth mnst^be traced with fte sai^e 
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ebdo nil# liot be lar^ tben bsif ibe size of tbe 

t» else it will mske tbe teetb of tbst 
pltoesi weaker at tbe roots tbaii even le^al teetb are, 

, ^biob ore of course namnaer at tbe bottom than tbe' 
and ther^re are a ^orta, especially in «mal! 
tjpinions* A case of ibis occurs in every clock on 
tbe patterns 1 bitre desmbed at %ures 29, 41, aod pi 
tbe Westioinster cldcl^, ^d in sbbrt whererer tbe 
aecofM wheel in tbe going train does not turn in an 
boitr, and tbe dial w<tfk iw driven independently. In 
ibls'ime/ibe 40 teetb of tbe* hoar wbek (or wbaterer 
tbe numbef may be) require no points, and must be 
i^ypocy^doids describe^ by a tracing circle of half the 
d^mbtOnof tbe otbltf pinion of |o or 12 which is driven 
Jb§r the great wheel, if tbe teetb of that pinion are radial. • 
laaotim l^dldons. But there is another, perfectly 
dilfeseiiijkind of tooth, which is much better for pinions 
of ateab numbers than radial teeth pr leaves, viz. what 
is called a lenta^i^ pinion. These two figures of it will 
fkow its cAostruction bdttClr'than any ekplanation. I 
beUeve^it Is the oldest fomf df pinion in the world, but 
it bad almost if not quite fillen into, disuse in England, 
Ijboofb not abroad, #ien it was festered by Hr. Bent 
bt bht turret clcadH^^s^Oift ts years ago. Tl^ey work 
with much kss fini^ than cohimon leaved pinions of 
f }ob^ nomWo ^hbn dfivei^, tbe mn« upon them being 
^ jidikm jwboll^^ tbe line of centres, and 

of Itbe re<^lriiig less accuracy to 

They ait not l^everpiKqier for, 
drivh%l^ them of coulke the antioa comes all 

bafbre'Hbe^line of'eentipm In sqme,french turret 
itdoditn* the wMing piniomi m severth^ela wrongly 

A 
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nude ae totem*, and tike tlinancto* piT«MK,*'' 
instead of riveted in tkdr sdli^keta ^ a* tism jeMla'' 





they are vcnking^ whto Jo^m 

•hakyandthaj^atoitMtfinMfiiptoimtito ' 

the pin* ai« ^ sa«n ^ wtl^ id AMW 

fortiupiitjpeahiif piitoptf^l coae||t);l^ 

eonsU^ the^pto t» lliPinK eC M 

ae^ Mdltito the totii viuch iiAftt tjurn in 














in %. 47^ b^ npusgr^iide tf8co4 
" d iritli a 4K>0ie iba Dd^ llaa ^ tba ^il;eb 
pinio!^ ^hm in <n?iia^to g«^ tbe cAiape 
plna ^ tlia j|c|adl ftisn» ^ou mast gage off 
bmdl^ ^ pin £Km each aide 
ik*i^no 6 Bit ta ptj%ol ym mvy Jeareon jtn^aa 
^aaiiek point aa i^Oi ke^ hold of tlie departing pto B 
tmtil another toOtk has gid> hold of the next ^ 
jtiat ays it croaaee the linS of ceiitres. Thia op^tson Of 
redacing ilie jdieoretioel to, the actual tooth is prmoti* 
<ttdl}K>^i]iM[eiit to tmchig !&e tooth iirlth a emalier 
how*nMi^ spOlUer, will dtf^ on the nnmheri 
(ia;oa the thickniess of the ptna^ in proportion to the 
flM dt the pinion. I find that a lantern of S or xo 
a tooth ifh|eh fits a leaved pinion of the same 
tminiW an nOiX'lT' that 1 ean eee no diSerence in the 
dmea on a patt^ as huge pa 9 inohea diameter; and 


<emi with la the dJtfhrence ie veufy email; ^although a 
theorejMl lantern pinion with pina of no thieknem 

^ap6«of«eeetll aa a radial pinion of 
Mae Ite ataev I have no^ donht that a lantern of 8 
klpa aa eaa% aa alokeed pinion of 12 , and of ogniae it 
req^nieaa f the number of teeth in the wheel, and is 
alao iMf etronger, and xnneh leas liable to br^ak, both 
in jmSkning and if working aftezwarda* 

nmy hdweiW t*^eat ^he oaotipn that ^aat iron 
nheela do n^ work ao \(rjm with steel j^ona, trhidh 
iantema necamaril/ap^ aa with east inm^ and thare^^ 
fine if the great whm only ie of iron ited the «inaiu>r^ 
oneaofbrMor guO n^oud, tho«|»n^^ , 

afimxprateelaoGordi^ly. ,^80 itehoeldt^^boxiaeiit 
nxind t)mt yon cannot draw ont annrhov a iantem' 







pinion en^vays^ hy wnserowing tlM ftnnt %ti:^ 
and therefore the^ ^Onld l^t be ttoed where 
conretkiently get at thb bae^ inudi to if ^ !Pi|^ 
piniOQjB are need in eH the ^yerieail i^bobs tlMbdii 
the cheap Qerttian or ^,]|ntch ’ cMui, bo^^ it 
is well toown^tiirill go ainoehit Id 

insidee which would stop 0 clock ffMdi lea^bd pioiotiv 


conipletely. Bat«ithe Bngliah clockrodkera will not nse 
them in small clocks: Mr. D^eift attempted*it; hwtaf 


English small clocks are npt yet a^e 29 BMStoHe^aa 
larjg^ ones ar^, and as they are ev^ywherO (dec ijp» tbC 
worlds the men who make them bcyelbCpowwtof 
obstructing every suich improeenien^ and eiieiedte it 
immediately charging a higher price fbr etery deviaiidn 
from the oommon form> or for eiee|3r^iing<whi<^ iStey 
&ncy is going to be applied to edme iMw use. Hie 
leaved pinions pf EngUsh ])onse cloCke are made out of 
'piuion wirCJ' which ik in fact a very long pinion drawn 
through a hole hke wiroj and the leavea are turned 0$ 
to Ibrm the arbor a)ld*«pivols. fEs Amwltioim end 


Dutch clocks prove dearlyieiioagh that lanteria 
can be made at least as cheap at o^ers; and if any 
man of skill, cap&l, and determination would foSloa^ 


the example of Hr, Hobbs in kcksi and set to weak to 
manufacture clocks in a Victory of his owti| we ahonld 
soon see this and other imrovements made, andl^ 
cHook trade recovmd out oF^tlie hands foreigner, 
to whom it has been in a great* mmure sent awdy by 
this pomhinatKan Workmen, who will min this aitd 
*wery trade in the Mngdom if tl^y a*e allowed tb hav© 
theiivown ^ort^mghted way. 

Iftasmuji wf Eogliih clodm are thus made hy^handj 



iM ^ tin> framed 

^^0|8ii|ker ^hst, ^arr^n^ a tbkk 
$lidiag piu sidinwye ttim^ Thesd^ 

jriDs liave a iwfrril We iWf«^<?eirtre' e# the jimer eiwi apd 
a^ theeoiier^ ^ !P|ie plveti pair of vlmels 

to be IhAed fee put m tbif 4 centred ends of the pww> * 
and^the«machiae is adjaided by tnid i^'th© wheels are 
to work together comfortably. ISiea the pointy at 
the miter ends of esdh pair of pm® indicate the distance 
iOf centres of the whesH and may be used to maik 
that oa ^thc fram®"plate. If you cannot get 

two wheels to wcA together without shake (so long as 
they are driven ^the same ,way) by ai^ adjustment of 
their depth, the teeth are wrunh^^ cut la one of the 
whjsels alt kas^ and they ha^ve no biislniess to be used. 

BeyeUed wbhSla. ^vov^body who has oec^on to 
wae or make hevefled wheels for changing ihe direction 
of tleo alborSi knows that the principle of them is that 
all the euriaces of the tee^ should conTcrge to the 
wh^e the specs of the two wheels would meet, 
l^evertheless in^did great mhjonty pf such wheels the 
mdes of the tem do n^ do ho» but converge more 
mpidly dhey oughi so that'the teeth We no 
contact atf all iUa&pt just at their outer edges, the 
tetUKm of tHi k time if the inde»si of twf a^ai^ 
are yut in the OOM^ yoy with the aSane» 0 Btter» ^ 
breaidth Sf the ent ft the^e througho|jti, and not 
narrow St the inside tifon the outs^hi eajd thedafore 



the teetiE ievideiitii^^j^ tijt^ tlk4^ 

is sddom vli^ if 

clocks, tkMtoce ^ M Mi varif 

but still it is «ti0, M 

ressoi^ urky tbe beaefisd wbacia libould 

diapieteff rlitiusriiisu m 

^ the less piTessuire thete is ou tba taeth^ and the 
any ifpccuxacy bf cutiaiig^k^fiBlt (ss it ^ m^vbaeis^ 
of all shapes); and also tin less 4 ii|(idar itlotlks e|r 
s^ake of the bauds and urbeeb tbera bd 
given axoouut of shake iu the tei^* ^ «* 

Skew-bev^ed whoela. It taiay ba yfWti tb« 
know that bevelled wheda can be made uritb obll^uo 
teeth; to work with tkeir adiora not in the same 
provided the^ have oul^r to woiio one way; but the 
friction is very great if they irork irhatVay be «i|Up^ 
the wrong way, and even«in the right way t^e fidetion 
is more th& in t^e usual conical wheels, t have never 
myself seen any clock where it wi|| necessary ta resort 
to this couBtrucuoU; wy 8 ?*mly be lound lb boekui im 
machinery; and therefore l^mljr mention it in case a^* 
body may bave o<^ion to resort to it, * 

Cams mair be kilned as teeth whioh have to raise a 
lever or p ahding rod; and not a spceesdon teeth; and 
therefore etch cam must wtiwk up to its end; and drop 
the lever there; yhereas k wheels a ae!mnd pairV 
teeth may and always show comp into«action b^ro 
iho preceding pair have fuitB sefiarated* The SLmp)bat 
^ fom of camw to raise a lever is that shown'^in any of 
thn pictures of striking Voik of kouse doek% Sjgk sb to 
a 8 ;J^. a set piasis stuck into the side of n whed; whiii^« 

oat^ the lever at some distance its end ahid mt«/k 
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up io*^ en^uud ikm ht it drop llus does well 
enough jbr wsj %ht hmumers vequifheig only a small 
^ dock wei^t, but is just the worst plan that could be 
Invented for large ones* , K you take the trouble to 
daew a wheel with 8 pins it| bach pm acting pn the 
lew thlfou^ about^36’^ (leiv^ng the difference between 
that and 4^ for the elmanee) you will see that thp 
angular lift,of the lever toiirards the Ond its lootion. 
is only one-third of what it is at the beginning, and 
therd^ I of the clock weight is wasted during 
part nf th& lift. And that is by no me^s all; for 
if you look ait fig. 32 you will see thatj as turret clock 
hammers are usuaUy fixed, the weight of the hammer 
acts more rertbally or requires more force to lift it at 
the beginning of its motion than at the end; and 
besides all th%, them is the fact which. I have several 
times mentioned, that the loss of power by friction 
in driving through short levers (w^ich tfie striking 
lever 19 at the b^ipning of its motion) is very rnucdi 
greater thdh through Itog^^dnes witn less angular 
motiom ^nder all these ciicumstanees it is no wonder 
that the weight required to make a large clock strike is 
often three or four dmes the theoretical' duty' of the 
clock, or the equivalent of the hammer x its |ifi; x as 
many blows as it strikes for once winding; f.e. that f 
or*'i of the force is wasted if bad.levqicage and foietion; 
whereas in the We^minstsr striking part little more 
than ^ of the theoretic duty of the clock weight is 
lost in fidctioui leverage^ and the necessary clearance or 
drop filf ihq leva*. « ^ 

The first oondiUon therejfore which the striking chms 
ought to sarisfy is they should begin to act at the end 








of the lever* It is not neeMiMy thul itetioii slotdif 

be quite at the mui all the way 1hreti|^ jwovided it is 
so at the begseiuug, wkmi the M<l js hardest for the 
•clock, and »t the end of w a* to tat the 

lever drop suddeulj; |br wMch reasun ajso rollers are 
worse than Half round puis, *dl|Sdei ih# seasods just new 
giyen against using pins at all. The eurve* wMeh dues 
keep the cam aoting on thread of the leygrthi^ooghT 
out, and as a tangent to itself, without any seess?!^ ^ 
cdled in znathematies the tractrit^. If# yon wlih« to 
describe it| tlie way is this. Set a smooth rounA boirdof 
the size of the cam wheel with stiffish papm^pasted over 
it (to efface the grain of the wood) on. a fan tiupough the 
centre on a horizontal tal^e) imd set also on the tahle^ 

on another pin^ a model of the Intonded Icfvor, with a. 

#1 

vertical pencil at its intended point, so as to pteSs upon 
the paper, the# lever bmng wei^ted* h littlev Set the 
lever on tbh line j>f*eeiitm and timi the wheel; it 
will drag the pencd over its surfhoejm a curve w^idh k 
the tradrwa unless if IHA^ been disturbed by some 
inequality of friction between the paper and the peneih 
or at the axis of the lever; which is so likely to 
happen that you cannot safely rely on ^ts cbnstruoiioii, 
unless yop ffnd that a good many cif the curves so traced 
agree with each other. It happens however, that there 
is an epicyclmd wl^ch agrees with this so nearly that It 
may be used without sensiblt lerroi;. Suppose r k the 
radius of the circle which ffirms*t%e bottom of the bai»f 
{if. their theoiretiOBl piteh ^le, aBowing nothing Ibr 
deigeiiiilg the ehd of t^«leeer} and i the lei^gth of'the 
leve^. The l^er will woik^as a tangent oh Its dnd^ 
throughoul {without jsny appreciable error Ibt sneh 
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{■ 0?er mio^) on epk^^ldidal ctui^ 
irlt;k a obek whose 4i|kmeteif a&v^?Tri*^r. 
*Ph(iie if raS ilu and /«b 4 the radius of the tredug 
i^rde will a *9 in. Another advantage of thette cams it 
lliat jron niay out them cm at iiXkf lengthy p:vpfided only 
youl^ep the lever of the^^per length; if you alter that 
you will 0 i aen^9il3^g friotion, and soon wear out either 
the canm or the lever* ^ v 

l&yoit prefbr having dreles to deal aith Instead of 
epicyek)id% d>ore is another form of, eam^ which Waa 
suggested to me by Bingham Lawrence (another 
horological lawyer, lilse Mr* Bloi;;ani> aiAi all the members 
but one of that jury m the great Briubition, both English 
and &udign)> aihd whidi aeta quite as well as the epi- 
eycLoid or traetm^^provided you take q^re nqt to alter 
the length of the eamt »*e. you mu^ not put more or 
fewer cams on the'wheel thap they are dpsigaed for, and 
you must take care that the proper distance of centres 
of the wheel and lever is pit^rved. In fig* 4B, C A L 
is the hue of eehbes^ and^B the space for one cam 
on their pitch cirele; by whkh I mean the a^ee occu*- 
pied in lifiangt fi»r you see a little ^aee is left bdow 
tim line of eentresb^kre the next era begins^ to pro*, 
vent the lever dropping onto the cam which 

shakes the clock injnnoualy. AB is !fhe arc of 
the lever. Draw AT^ which is a tangent to the two 
circles at A* and B T a ta^nt to the cam circle at B. 
That point 't wiU sSbq cvid^t^ be the place wherp a 
tangent to the«eiida 4 .B at B would medr Iho etheta; 
or im^'other words, *]^ 'is the centoaof a cMe B B, to* 
*'wbich ^the lcvmr’'itaelf adll^be a timgent^ho^ a* the 
beginQing and the end of %he lil^ dtbodgh contact 





larill be a UHle way ^ eod 4Yttiii|r wom iAim 
tnediate part; of tbe aisti<l|i*^ Tb^ bi^tca ol 4he eadia 
muat be cut Out a little deeper tbau to tbe pitch 



circle, to let the lever drop firedy $ pod it la impoitaot 
to remember that the end of the If^er itadllf ahoald out 
be left sharp, ot it will cut-off the ehda of the eaxoa If 
they are not*very hard, and perhaps break them if lliey 

aie. I know that V*®!?®**®*^*®* • • 

It does not occur tefW^hat caafa oaa mat he 
quiied io dodL-work Ibr IHtiioj a ratical rod slidiog 
like a 0tamper» If any such oaae ahould occur, invo*. 
lutes of yhe wheerdrcle would be the nght ahape fcr 
the cama^jjt q^i^^re may also be cases where it would be 
worth while to pull down a kmg striking rod by pins 
ia the wheel catching a a^uare hook at \he cmd df 
the rod, aud dragging it on iHth a little sidpiray molicn 
unl^ ii; is struck off the pliiis hjf ^horizontal stop; this 
would avoid all th« lever work and all fnetioa except 
at the atrildng of Itohodc. • 

* to Uis spiifdsui*! for an hvolatala is hat 

a dilvh of liriUdte Mxe, ie., ty A (Umo^ 









( OIL, ^ 

^ Oil for Olopks. 1 believe it If noirgeBeraliy under, 
stood tb«t f wee^ oil is t%e worst thot cftn be used for 
maehiueiyi largeK>r small^ exeejrt: when it is purified in 
certain wc,jb not known,te the public; and then it js 
^too expensive for use in large* or common docks. For 
them purified spenn oil, /inch as is now mSde wholessle 
for other machinery, is quite good enough. Comiqion 
neatVfoot 6il may also b^ purified into a very good oil, 
whith will hardly firee^ here. It can only be done in 
cold weathen; it should be shaken in a bottle with 
water udtil it becomes a tbick white sonp, and then 
left to stand, land the fine oil that gradually comes to 
the top skimmed ofif, taking care to get none of the 
thick. If it is done in a warm temperature, oil appears 
at the top as fine, which has no business there, and 
will not renfain fine in cold weather. Mr. White of 
Fredericton sent *me a small bottle of oU a few years 
ago which he says does not freeze even in their cold of 
which is epough to freeze mercury. I do not 
know how^it is made. * ***" ^ 

It must be remembered that oil has always a tendency 
to run away fi*om small pmnts of tedh, the ends of pins, 
&c.^ to the thicker parts of the wheel. In some French 
clocks the teeth of the dead soapewheel are accordingly 
made with a klri of^ lump at the end ; but bhis wastes 
ihore 6 pao 4 in the clearance or dpp, and it is never 
done in English clicks, Wfar as 1 have seen; nor do I 
know anything that, %iH answer—«xeq>t putting on 
fresh oU when it is wanted. As 1 have said before, dirty 
oil skbuld^ always be,cleaned before putting ^h 
‘ oil on.. . , 





W 
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T 9 ie early liiftory of irittches seems to Jbe quite as 
obscure as that of clocks; if wq conce^ the.iuuae of a 
watch to any small portable horologiQid machine with a 
^nng for its moying force anU a ribratbg bi^ance for 
a pendulum. But a watch without a balance-sprllig 
diffe'ra from a watch with o&p as much as De Yick^ • 
clock with a mere fly-wheel balance differs froifl a peh* 
dulum clock; and it is singular that the balaflce spring 
and the pendulum, the two great elements of horolo- 
gical accuracy, are not only almost coeval, but the 
invention is fought for by ihe same claimants, or two 
of them at any rate, Huygens and Dr. HoolTe. Accord* 
ing to Reeg^s Cygiapadia, Da. Hooke fs proved at any 
rate to have ffeen the &st publisher of the discovery, 
200 years ago, and therefore he has j;he best claim to 
be regarded by the worlcTTfilkhcf inventor. He enun¬ 
ciated the principle of the discovery of the isochronism 
of springs in the short sentence Uit iensio $ie vig:* 
OF, the f6i|;ce varies as the degree of tenrion: which 
rule howevpr we shall see presently has two rather 
curious exceptions. * 

The main*8pring a watch is a thin ribbon of steel * 
coiled up in a barrel /ound a Itfong jipindle to which* 
one end of the spring is flxed, theb^ier end being fixdd 
to tbe barrel. When it Is wound up the coils lie close 
togetbp^ upon the spindie*or arbo^ and as tlm spring 
runs d<fwn the coils separate the arbor and lie close 

to the^barrel* like simplest construction, still used in 
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most; of the foreign watches^ is for the barrdl mhor to 
be the windlngi arbor, h§nng a ratchet wheel squared on 
to itj, held hy a^^hck on the frame or plkte of the watch, 
and jthe ^eat wheel is^on the barrel itself; and in this 
case, as 1 explained at p. 1^4, with re^rence to spring 
clocks, no temporary ^maihtaining power or * going 
barrel^*is required to keep the watch going while you 
are winding it up. But it is obvious that as the force* 
the spring is greater when it is tightly wound up 
thdu when st is loose, the force of the train will be very 
fac froth constant throughcNrt the day, although that 
may not affeet the going of the watch from one day to 
another. But on the other hand, there is found to be 
a very singular exception to that rule of Dr. Hookers 
stated just now,«iuasmuch as there is a position of tl^e 
spring coilbd in a barrel in this way, in which there is 
no material variation of its force for a few turns. And 
certainly some of the foreign watqhes miude in this way 
go jFell enough for ordinary purposes, and one reason 
why the^ can be mad6 86*ranall is that they do^ot con> 
tain another piece of m&Chinery which is added in all 
*the best watches, and indeed in common English 
watches to equalise the force, called the— . 

Vtisee. That piece is a holbw^sided fone, which 
yob'see in thU picture of a chronometer ■'or English 
‘ watch movement, with a chain ropud it and the barrel, 
’'and the great wl^eel is tbo longer on the barrel, but on 
this conical piece caBed'the fusee* When the spring is 
wound up and its force is greatest, the chain acts on the 
small end of the lusee and therefore with the smallest, 
levemge; and as tifb spring unwinds, the chain acts 
on a diicker part of the fusee, and it cab and in 
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good walclieB is, bo adjusted that the force on the trail# ^ 
aud escapement is constant. U was sng^ted by Mudge^ 
the inventor of the lever escapement in the form now 



used in 9^ out of zoo English watches, that the usual 
position os the chain is wrong: ancf so it is; for you see 
in dg. 49 that it acts on the opposite side df the fitseh 
to the centre pinkm, and dbd<>'^uent]y pressure 
and inctiott on the fUsee pivots* (jrhich are necessarily 
large ones) is the aten of the fSoroe of the spnng on the 
fusee and of the great whed on tih^ pinion; jrhdmas if 
the spring acted on the samp side as the pinion» 
only le th^ d^rence* 1 contbss X know no reason why 
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^ common arrangement sKould be adhered to, except 
that it is the common onei which is generally considered 
reason enough anythmg bad. 

The train of wheels in.a watch is much the same As 
in a clock, except that the scapewheel is not the wheel 
which turns in % minute and carries the «second-hand, 
but is another faster wheel. In a pocket lever watch 
the balance generally beats in of« a second, and in a 
cbronometer either ih that time or in ^ sec. The 
scapewheel generally has 75 teeth, and therefore turns 
in 6 seconds or something near it. In a good lever 
watch the^pin^ons are generally 7, 8, 8, xo, and the 
wheels 63, 60, 64, 75; in a pocket chronometer the 
pinions are 8, 10, 10, 12 and the wheels 80, 75, 80, 
72; in box or mprine chronometers the numbers are 
still higher, the pinions being 10, iq, 12, 14, and the 
wheels 80, 80, 90, 90. Bo]]c chronometers are generally 
made to go rather more than 2 days, though they are 
wound up every day, and they have a small hand 
on a separate cii^ele in the^ di&x indicating how far the 
barrel has run down. In these watch trains it must be 
observed that where a slow wheel has fewer teeth than 
a quick one, of course the teeth must be larger, or the 
wheels could not be put into the frame, as observed at 
Piagc 27. I tbinkho pinion so low as 7 should be ad¬ 
mitted, and I cannot understand why 91 should be a 
prohibited number in dqkiks and watches, as it seems to 
be except in lanternpinions for clocks, which are made 
to order and not cut out of pimon-^wire. 

HVindlng Stops. « A watch, or a spring clock,^ with 
a fosfe is stopped from ^ng overwound by u long 
tooth which you eea in 49 sticking out from the 
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tkin end of tke fusee. There is a epring leter with a 
hobk fixed to the fiame with a little platoon its pivots so 
that when the chain conies to that or the fusee 
i8«fuU^ it pushes the lexer jt^t^fiur enough for its hook 
to catch th^ toothy aii^* so stops the winding. In 
foreign watches without a fuseej^ITthing^all^ the Gmeva 
stop is used: it* consists of a small wheel on tHh %9Xtel* 
arbor^ with only one tooth in it and the rest of the oiiv 
cumferenoe filled up blank; t{iis* tooth works into Abe 
teeth of another loose wheel set on the ^atch firame> 
which has onl;^ as many teeth as the nnmbei»of tipns 
that the barrel has to make in winding pr going, and 
has also a blank space in its circumference. The one¬ 
toothed wheel turns the loOse wheel through the space 
of one tooth for every turn of the parrel, and wh^ 
those teeth are all past, the one-tooth janup against the 
blank in the loqse wheel aijd lets thd barrel turn no 
more, and so %tops tbd winding. Of course the same 
thing might be put* on a fusee "Sbor^bnt the spring 
stop is preferred. •• s • • 

The dial wheels^o^ a watch are more like those of a 
turret dock than of a house clod^ in the division of the» 
numbers of the teeth, as there is no occasion for the 
intermediate whed and pinion, called N in figs. 22, 
27, tQ tum^ an hour, as it does in house docks to dist 
charge the striking, and even in silent clocks for um«* 
formity. The hand sockets also only held on by» 
finction without any spring. lB4Krii|r rapects the train 
of a watch is substantially the same as that of a amah 
clock until we reach the eacapeme^t, except that there 
IS one wuore jvheel in the t^un, fi>r the reason f^ven 
just nfiw. The dial pinions in i good watch are i2,«ndL 
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14., and the wheels 42 and 48; in a bdx chronometer 
they are 14 an^ 18, and 54 and 56, * ^ 

The escapement is the only place in which there*hs 
a fundamental difTerenp^ between a watch and a do&k. 

I shall describe the principal, watch escapements pre¬ 
sently, aSter we^have^cousidered the principle of the 
balance which is common to them all. The balance 
wheel resembles a pendulum in vibrating and in letting, 
a stooth of the scapWheel escape somehow at every 
vibration, ^ in the earjjiest clocks before pendulums 
weye invented. But considering that* the pendulum 
moves by gravity, through an ai*c of only 4® or 5® with 
a variation never amounting to 30' in a good clock, 
while the balance swiiigd independently of gravity ^ 
^ough an arc^of sometimes 400® and sometimes no 
more than* 100®, it is evident that a watch escapement 
must be a veiy* different ^thing frou\ that of a dock. 
When 1 say that a bdance is independent of gravity, 
you must remeatiber the distinction between mere mass, 
which wc denofe^ by 4 he 4 (^.i!er M in treating of pendu¬ 
lum, and mass acting as^aaforce by^ means of its weight, 

• i. e., by the earth’s attraction, which we called M^. 
The mass and the moment of ineHia of a balance have 
quite as much tQ do with its motion as they have in 4 
.pendulum, but ^e force which mdkes k vibrate or 

* return fxbm thte impulse given in the escapement, is not 
•gravity (which mu 8 f, 4 )e entirely excluded, or the 

' balance ^ is not aJbfdauce, and will not keep the same 
time indifferent positions of the watch), but a thiu sp&al 
spiakg, of which onp end iS* fixed to the balance wd the 
othe;: to the watch framei^ This is popularly called the 
?imv’ipring. It was to*this spring th*at Hooke's law of 
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the force Tarying as the tension or space moved through 
(which always ithplies isochronism) was i^eant to apply^ 
and does apply pretty generally; but hoi invariably, be¬ 
cause it is found that not ererf length of a given spiral 
spring is quite isochronous, bu| only certain^lengths, 
which X suppose can^nly be determined by exp|riment« 
The time of vibration therefore depends on thp 
moment of incrtia*of the balai^ce directly ^d the 
force of the balance spiing iirversely; and in a gi^en 
spring the forqe varies inversuiy as the length. Con¬ 
sequently you can quicken the vibration either 'by 
ri‘lp[i,1ng the moment of inertia or tho size of the 
balance, or by shortening the effective length of the 
spring. The latter method is used in all common 
watches, and the former in chronometers and watches in 
which extreme aecuracy is aimed at. ^ 

Begulation^ of a cqmmcm watch, to make, it go 
faster or slower, is,done by aJeser or index SPT 
(fig. 50), which turns on a ring set oi^^the watch plate 
(through which the staff or Arbor of the balance has 
to pass from the inside to*the outside of the watch 
frame), and it has twp small pins at P which embrace* 
the spring, one end of the spring being fixed to the 
fra^ne at B and the other end to,the balance at S. 
It is evidefit that as you turn the re^latpr to ther^ 
right you shorten th§ length of the acting part of the 
spring and so make the vibratfions filter, and if you* 
move it to the left, slower. If "ttfe^regulator has been 
mo\ed as far toward fast as it can go an^ the watch 
still Icwes, the spring mu8t*be takezrup altogether aff B.; 
and tl\Sn in (frfie; that the baVi^ce may still be in the 
middle position of the escapement when the spring is 
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neutral^ the piece S hy which it is attached to the 
balanoe is itself^a ring which Bts tightl/round the staff 

and can he moved 
when the bal'uice 
is* tajiien out, to 
altei^ the position 
and length of the 
spring. 

It must have 
occurred to every¬ 
body who has had 
to regulate a 
watch for very 
smell errors that 
there is a want of 
some better me¬ 
thod than the 
common one both 
for moving the re¬ 
gulator and for 
seeing how much you mevfe it. The best undoubtedly 
is a tangent screw movement, the screw being tumable 
by the watch key, and 1 am surprised that expensive 
watches are not always furnished with this simple 
addition. Another suggested by Mr. Bent Is shown in 
*fig. 50, Insteid of being made w\tb a point, the index 
has hne bevelled ^dges Ij^ng quite over the index plate, 
which is to be madd* With oblique divisions and two 
or three cross lines, like the scale generally engraved 
on a div^dhfg rule ic^this cndbleB the eye to measure 
much, smaller divisions t^n could be either seeu'br cut 
upon a degree plate of the common form. 
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Tills mode of regvdAting by $bortexdDg the effectire" 
length of the spring is not aoonrate eitq|hgh fof chrono- 
metm far another reason^ vk, that all lengths of the 
sp^g are not quite isochroeous for different arcs of 
Tibration, and therefore if yoq hare got tjje spring 
adjusted for Hin isochronous Jength* it wUl^ become 
unisoduronous if you shorten it a little; and moreover 
a spring moring in thaj; way^ partjy held fast pt the ends 
and passing loosely through enrb pins at T, is not so 
steady as one^held fast 00131 at the ends. Chron&* 
meter balances are thei;pfore regulated by* 
screws, which are screws with heayy heiids set in the 
rim of the balance: scremng them in of course 
diminishes the moment of inertia and quickens the 
balance, and vice versA.. In chronometers also the 
spring 18 generally made in a cylindri^ spiral and not 
a flat one. Some chronometer makers have doubted 
whether there is any^advantage ii^ihe cylindrical form, 
but it is now almost universally adopt^ and therefore 1 
suppose the balance of expefience is in fav<?ur of it. 
But the quality of the sprihg is probably of more 
importance than its ^rm. A medal of the highest class* 
was awarded in the 1851 Exhibition to M. Lutz of 
Geneva for* some balance springs, .made by a secret 
method, wlfich bore being pulled out nearly straight^ 
and laid on a hot plpte without ^suffering any change 
of form, which was not the cas^ with .any others which* 
were then submitted to us. * % 

Timing for position. As a watch somej^mes lie^ flat 
on a table, and aometimerf rtrtical, and not alwayb in 
the same positiopi in,your ^gket, it is necessaiy* that 
the balance &ould keep the same time in all positions. 
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both hoTizontal, and with either iiL vi. ix. or xii. 
upwards. Wit]| a heavy balance it is impossible to get 
the same arc of vibration when the watch is vertical 
and horizontal, because ihe friction of the pivoW is 
much greater when they are acting on their sides than 
on the point of one of them. If you take a small 
chimney-piece clock with a balance, and hold it side¬ 
ways so th^it the balaijce becomes vertical aud its staff 

horizontal, you will see 
the vibration diminish 
* veiT much, ahd then the 
least want of isochronism 
in the spring will set 
the rate wrong. Marine 
chronometers, which are 
only very large watches, 
are thei^fore always set 
horirontally in a box, 
in gimbalSf as in this 
drawing, which keep the 
watch horizontal, even 
when the box is tilted by the ship • if the box is tilted 
aj E or W, it turns on the outer pivots N«S of the 
gimbal ring, and ift the N or S side is tilted, then the 
,Box and ring together turn on the inner pivots at W 
and E leaving the watqh steady. The level of the pivots 
should be only jiwt enohgb above the centre of gravity 
of the watch to tnak'3 it Iteep its level, for if the c. g. is 
much beloif^the points of support the body will awing 
wbeh th^ are moved. " *- 

SMp tixae*pieces« Tlfere is another kind of ship- 
clocks made to han^against a wall, not pretending 4 :o 
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the accuracy of chronometers, hut a very neat an^ 
conveniciht and cheap form of tima^piece for other 
places as well as ships. They are a 4 arge 8-day lever 
9 ^ch with the balance stafG* and the sca^ewheel arbor 
vertical, and therefore* the tl^rd wheel in the train a 
contrate or c^own-wheel as in £g. 6. ^ike oth^r things, 
thgy are of very different qualities with the sajae 
external aspect. They do notVo^k well withq^t a fusee, 
though many of them are made so for cheapness,*and 
the. contrate ^wlieel arbor ^ight to hav^ an end-sthp 
to the pivot which tends to push away frOm the scape- 
whecl pinion and work upon its shouldera, and of course 
the two vertical arbors oujght still more to have their 
lower pivots resting on stops either of hard steel or 
jewels, to take the eight and friction off their shoulders. 
End stops arc sometimes put to the horizontal arbors of 
highly finished clocks ^ but»as there is no end pressure 
on them, I think it^s hardly w(i4iL while there, though 
it is in the two cases I have yust mentipued. Chimney- 
piece clocks with balances (the only ones whi(:h house¬ 
maids will allow to go, unlols they arc too heavy to 
move) ought alwayjs to have them compensated, for 
otherwise the great changes of temperature to which 
they are exposed will make it impo^ible for them to go 
right, as l*bhall now explain. ^ 

COIIPENSATION OP* BALANCES. 

% 

Watch balances, or rather the springs oj which^their 
timewdepends, vary muchhnore with heat and gsold than 
penddlums, •an^ therefore cqppensation is still* more 
essential if you expect great accuracy of rate; and if it 
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were not that watches are kept at a pretty even 
temperature du^ng the day by near contact with men^s 
bodies^ their variations in hot and cold weather would be 
enormous: women^s watches being generally worn lof ^e, 
go worse than men^s for^ that reason. A small portable 
clock with a balance uncompensated goes worse than the 
commonest clock with a pendulum. The balance itself 
also expands a little with heat just as a pendulum does, 
but* the effect of that is small compared with the varia- 
tibn of the f^rce of the s^L^ing. It appears from some 
experiments made by Berthoud in 1773, and others by 
Mr. Bent Communicated to the British Association in 
which nearly agreed, that the loss of time due to 
expansion of the balance for a rise of temperature from 
32° to 100° is not*^ of that due to the loss of elasticity 
and elongation of the spring, and that the two together 
amount to no less than 6^ minutes a day; and a varia- 
of 33^ would prndnr p ^ variatioTi of ;i.n hour in 3 weeks; 
whei^eas we saw {hat a common iron wire pendulum 
would only lose 10 secif af day for such an increase of 
heat, and a wooden one not more than li seconds, if so 
much. 

The first watch compensation was made by Jlarrison, 
who has been mentioned several times already as the 
inventor of varous horological improvements; and he 
received the first parliamentary reward for improvements 
in chronometers w^th a view to finding longitude at sea. 
His method is quit^ disused now, and indeed he was 
himself dissatisfied with it, and suggested that the com¬ 
pensation ought to he done in the balance and not by 
any contrivance for alterjn^ the effective length bf the 
spring, which was the principle of his own and all the 
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early compensations. For this purpose he put the 
curb pins (see fig. 50) on a compound bar^ of which one 
side was made of brass and the other of steel; as the 
ISHss expands more than thes steel the bar necessarily 
bends to the steel side Vhen^the heat increases^ and 

• . • iij 

thus the curb pins were move4 alon^ the spring, just as 
tlysy are by the common regulator. It is not nece6S|ary 
to dwell on any of the various modifications qf this plan, 
as they are all now abandoned for the balance of bom- 
pound bars, which appears ito* have been^first madej as 
T^ll as a mercurial compensation balance, b/ Julieh le 
Ko}', a celebrated French clockmaker, •buf afterwards 
much improved by the first Arnold, Earnshaw, and 
various other English makers. A great variety of these 
contrivances may be found in Cych^mdiiit, by 

those who are curious about them. * 

The plan which is ^ow sdways used, with some modi¬ 
fications in certain^ cases, as I explain afterwards, 
is exhibited in this drawing: t a main bar of 

the balance, with the timmg%cAws for regulation at the 


ends; and th^ if h* 

two compound hip's, of rt * 

which the outside is brass 

and the inside steel, car- , ■ 

Tying weights b V which g ^ % * 

may be screwed on #t dif- nK^r . Jyg|v 

ferent places. As the 
heat increases, those bars * %% n 
with their weights bend fl 

inwards and diminish thd • t* • * 

montent of*ineytia of the • ^ • 

balance, j'he only secure way of making these balances 
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is to cut them out of a solid steel disc round which 
melted brass is ri^u. This plan of uniting the metals was 
introduced by Ea^shaw, it appears, besides various other 
improvements in the coisstipuction of chronometers/In 
which very little alteration has been since '^ade in 80 
years, yhe principal expense of a really Compensated 
balance is in the time rpej^uired for adjusting it, whioh 
can only be done by trial. Many wsitches arc sold with 
balances only constructed* for compensation but never 
adjusted, and*thercfore liniier or over compensated, or 
with 'no regularity in the action of the compensation j 
and some still *itrorse, with a mere sham compensation, 
resembling a compensated b^ance only in appearance, 
sometimes not even cut through. 

The chroi^ometrical thermometer is simply a 
watch with a balapce compensated the wrong way, i.e. 
with the brass inside and the steel odtsjde, so as to 
increase the retardatiep^from heat arid the acceleration 
from cold. The \iso of it i^ to, measure the quantity of 
heat or cold received during any given period without 
recording the actual degree of heat or cold at any par- 
ticnlar time. It is therefore used,at the Greenwich 
Observatory trying the rates of compensated 
chronometers under ^eat variations of temperature, 
/Seconda^ cempensatiou. When chronometers 
had been brought to gi^eat perfection, so as to go with 
steely any^sensihie variktion of rate while they were 
kept within moderate limits of temperature, it was 
observ.ed that they always lost if the temperature either 
rose dr fell*beyond thdke limits^; and on the other hand, 
if the*compensation wao Adjusted for ti^o extreme 
temperatures, then the watch always gained at mean 
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ones. I believe it bas never been disputed that Mift 
Dent was the first person to explain Ahe cause of this 
error, in the Nautical Magazine in ii33; and he gave 
following illustration it: The diminution of 
force in thu spring proceeds uniformly in proportion to 
the incrcasdlof heat, and may^therefcre be fepresented 
b^ a straight line inclined at some angle tb another 
straight line which is divided into degrees of templra- 
ture. But the inertia of a compound balance suds as I * 
have described cannot be n^de to decrea^ quite as fast 
as the heat increases; and therefore its rate of variation 
can only be represented by a curve, ai^ can therefore 
only coincide with the straight line representing the 
variation of force of the "spring in two points, either 
the two extremes, or two means, or.one mean and one 
extreme point: in other words, th6 compensation can 
only be exact fi[>r some twp temperafures for 'ahich you 
may choose 1:o adjust*it. ^ 

The same thing may be shown mathematically as 
follows: Let r be the 'di&aikse of *the compensation 
weights from the staff or axis of the balance, and we 
may call them both together M, and for this purpose 
we have nothing to do with the rest of the balance. 
Let dr be the increase of distance of the weights for 
some given decrease of beat. Tlicn the new moment 
of inertia of the balance will be M 4* 2 V dr 4 <fr^), 
and the ratio of the new tludrti^ to the^ old will he 
2 dr (dry j * * v ** • * 

^ \T/ ' ^ 

large to be disregarded as it paay be in the Vmilar 
formla fos pendulums, because dr must be much larger 
in proportSdn fo r than it is m a pendulum, aS we have 
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Leen already. Again, tlie ratio of the moment of inertia 

inertia 

, as^r 

ming that equal successive increments of heat produce 
equal vaiialcions of r, w£^h however is not quite the 
case as it'is in pendulums. Consequently the increase 
of 'moment of inertia for at given rise of temperature is 

less than its decrease for an equal fall by 2 . or 

the compensation fails to tliat extent in one of the 
three states'of gold, middle, or hot temperature. 

The correction of this error is called the secondary 
or auxiliary compensation, and it is the point to which 
I think every chronometer invention for the last 
twenty-fve years has been directed, chiefly because 
the chronometers are now exposed to such extreme and 
unnatural variations ^ J emperature^ in the Greenwich 
triala^nearly as much as 100°, that the attention of the 
makers seems to be withdrb^ from everything else; 
and every year's tables display an increased number of 
contrivances for this purpose, though by no means an 
increased accuracy in the recorded rates of thq best of 
them. ,, 

Eiffe’s compeD^afion balance was the fiist inven¬ 
tion for this purpose which was disclosed; and a reward 
of 3o6i. wa^ therefore given him by the Admiralty 
on the recommendaticpi of the Astronomer Royal. At 
the very time while this invention was under trial at 
Greenmch^ Mr. Molineux took out a patent for ,one 
precisely similar; whh^ is ocily one of the usual pioofs 
Idiat when the time is ripe for an invention, it is almost 


for an equal increase of heat, to its moment of 
in the middle state, will be i — + (~) 
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sure to be made by several people at once, of wbtmi 
one gets rewarded—^or suffers, by a patent, Mr, Eiffe 
described several methods for effecting the secondary 
ftjqipensation: the one whicji^he chiefly relied on, and 
which has Jbeen followefl by some other makers, is a 
balance in Vhicll^the compejisatiom bar, of a screw in 
it^ is made to reach another in the form of a spring 
with a small weight upon it, •when it has bent inwAds 
to a certain extent, and it carri& that other with at, so 
as* to diminish the moment^ of inertia stjU more than 
the single Vomponnd bar. It seems an ol^vsous 
objection to this, that it is discontii^ous, i.f., that 
the secondary compensation comes into action suddenly 
at one change of tempefature only. Nevertheless it 
appears to answer as well as or bettor than many others 
which are free from that objection. ’ • 

Dent’s baiiuicei The* next in *point of date was 


Mr. Dent’s, \)f which *also 
there were several forms; 
this (in fig. 53) is the one 
which he proposed as the < 
best in his pamphlet on 
the subject. Tiie flat 
cross-bar, r/ is itself a 
compensation bar with 
the brass below and the 
steel above, so that if the 


Fig. S3' 



were set upon upright 
stepois firom the bar they 
wodd be bent in towards tthe axis when th6 b^t in* 
creases. B^t they are in fa<!$ set upon some other befit 
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Q^mpensation bars st, wHcb the brass is inside the 

bend, and oonse(|uently the weights approach the axis 
more than if thej^ were set on stems of fixed length } 
and as the^ can be set where on the stems ^ 
Compensation is thus adjustabie.. The reason why the 
bent bars $tand outward^ across the ||Hncipal bar is to 
leave roofii for the balance spring, which is attached to 
the* smaller cross-bar d shown in fig. 53, in which the 
spritkg is omitted to aVoid confusion. This compen¬ 
sation has the, advantage of^ being continuous. 

Lopeby^S balance. The only other secondary com¬ 
pensation of wlych a description has been published, so 
far as 1 know, is Mr. Loseby’s, who lias altered the 
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mercu^al compensatiq^ of Le Roy into this fofm. 
D D are the weights on the ^sual compoundebars R B, 
for the primaiy or principal compensatioii.* Besides 
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these there are two small bent thermometers with thS 
bulbs at Fj and the tubes at into which the mercury 
runs as the heat increases, and so mttre of the weight 
dl'^hc balance is carried inirirds than is due to the 
mere bending of the piimaiy bars. TClie tubes are 
sealed with V little air indued* €! C ar^ the usual 
tilling screws independent of the oompensationA The 
action here is equdUy continftous with Mr. pent’s, and 
Mr. Loseby’s chronometers ^nerally got a very%igh 
place in the Greenwich liststduring the seven yearsf in 
which he sent them there; and he woidd Have tdone 
wisely to be content with that success. •Bdt it appears 
from parliamentary papers that he has applied no less 
than four times for a reward for this invention, and the 
Astronomer Eoyal has four times reported against his 
claim, on the ground that his balan^ was neither the 
first to do whal^was wanted, nor was proved to be the 
best. Mr. ioseby.then sent tq t^e Admiralty a long 
memorial, contarning a comparison ^of the rates pf bis 
chronometers with othera in the GreenwicVlists for 5 
years, to prove that his the best; and the last 
horological paper to which old Mr. Dent put his hand 
before his death was a counter-statement, showing 
that a pnoper analysis of those very trials exhibited 
Mr. Loseby’s compensation as decidedly inferior 
Mr. Dent’s own, a^d ndt at all superior to *Mr. Eiffels 
or several others of which ftie constructions were net 
disclosed. * * • 

Afiber his death the controversy was Carried on in the 
Society of Arts’ Journal*by Mr. Loseby hnd«me,*«ui be 
had.bssumed piat I wrote Jfr. Dent’s paper for him, 
and I extended the analysis to the whole seven years 
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which Mr. Loseby's chronometers were nt 
Greenwich^ and Wh the same result. The nature of 
the analysis is sio^ple enough, via. this : If you divide 
the 6 months of published rates in each fear ii^ 
3 periods, one< containing all the coldest we^s, another 
all the hottest, add another the mean temperature 
we^ks—*and whether you make the division into eqpal 
periods, or^into two periods of 6 weeks of extreme tem- 
perafhres and 13 or 14 of mean, or make it just where 
the* register shows that the greatest breakat of tempera¬ 
ture actually occurred,—^the result is always the same, 
that Mr. Loseb^'s compensation was the most successful 
in only one of the seven years, three other makers^ 
each once, and Mr. Bent’s three times. The Astro¬ 
nomer Royal’s opinion was therefore clearly right in 
rejecting Mr.'Loseby’s claim to a public reward, what¬ 
ever may have been his personal, skill in preparing a 
single chronometer 6 >& 4 rial in a y(<^ar, and so on the 
whole, getting a hig^b place in the list. 

Dent’s prismatic bdlahceT This was invented by 
the first Mr. Bent shortlf before his death, and im- 
pibved by the second, for the purpose of effecting the 
primary and secondary compei^sation together, or a 
suffunently near approximation to it, by a simpler con¬ 


struction than any of the others. The steel part of 

the balance is the usuij^ flat bar; but the brass is an 

* t obtnse-ttndCa bent prism. This inren- 

vigt 55 * ,* jt » 1 *• .1 j t ft 
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tion was founded on the fact that a bar of 
that form bends more easily from the 
( angle than towards it, and therefore*the 
compound bar bends in easily and farther ^han 
it does outwards, for equal degrees of heat. It has the 
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advantage of making the baking stronger also. It W90 
]iot^8Up|>Qsed that this would mako tha secondaTy com¬ 
pensation complete for tim extretoe teunperatures of the 
tnpual Greenwich trials; ^nt some of these chrono- 
meters have been^ought by* the Admiraity aitmr trial 
there; andVthere seems no doubt Jthat *thb is better 
tl^an the common dat bar compensation. ' 

Glass balance* springs.* These were suggested by 
Berthond, but have been veiy Ifttle used. The ri^ie of * 
a'chronometer with a glass springs which Mr. Dpnit 
sent to Greenwich some years ago, was y^y good ;.and 
they have the advantage of varying so much less than 
steel or any other metal in elMtidty that they require 
very little compensation of the balance. 1 do not know 
why they have not been more use^, unless it be from 
the fear of breaking them when anything is done to 
the watch. It appears that with them, as with steel 
springs, the^watch^ always gains after a new spring has 
gone a few months, as if it aequu^d more elasticity by 
working; and this is analojpua to %!iat tak^ place in 
bells, which always beeoma'more sonorous, i.c. more 
elastic, alter a few months ringing. , 

Greq^rwich trisds. When the rates of some chrono¬ 
meters ^ere returned to Greenwich after one of the 
Arctic expeditious, the Astronomer Boyal reported that 
they had been kqit so warm that they affovded no teat 
of the relative value of th<; different modes of copi- 
pensation employed in them. * 1 *thiuk it might also 
have been inferred &om that foct that the trials at 
hopie in sucti unnatural variatiqns of temperatmre me 
onl^ calculi^d to test single and comparatively 
immateridl'qnality of the chronometers, and to*frighten 
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«way from public trijil eyery mron€on fpr the general 
irnprorement of the instrument in other i^espects* Any 
nautical man who wants' chronometets for real use 
would rather haye one th^aj^ would not vary a secon^ 
weeh in such temperatures as it is litely tQ,be exposed 
to in any vbyage in a shi{>^s cabin, than ona which may 
possibly ^o better than it at some extreme and-im¬ 
probable variation of temperature, ^ut worse in all 
^ ordiutary and probable Variations. 

It ought to )>e understood better than it generally is, 
thatM;}Le best chronometers are by no means equal in 
steadiness of ra|e to a good astronomical dock, or even 
to many turret clocks such as I have described. There 
are indeed records of a few bhronometers of singular 
excellence which hqye equalled a good dock rate (before 
' the days of violent temperature experiments), such as 
one by Mr. Dent, of which the daily rate never varied 
more^ than *54 sec., and another by Mr. Cf, Frodsham 
with an almost equally small variation of *57 sec. during 
the time of^vrial attjreenwidl. But it must be remem¬ 
bered first, that even these arc variations of daily rate, 
and not of actual time, and moreover such chrono¬ 
meters as these are much too rare to*^ affect the general 
fact of the inferiority of chronometers to good clocks. 

/ . wa4oh escapements. 

There is a greater v^riet^ of escapements which may 
all be said to be in use in watches than there is in 
docks, omitting in both cases merely fancy ones of 
which ptdj a few specigiens have been made rather for 
Show tlw for use, and whidi I do not think it worth 
while to describe, either for^docks or watches.’ 
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Vertical escapement. The originfil watch escape^ 
ment, which has remained in use for about two 
centimes^ but is now going out, exact](f corresponds to 
tdevoid crown-wheel escapem^i|t in docks described at 
p. 34. This figure (56) shftws the mode of arranging it in 
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a watch. There are in fact two crown wheels in it, for 
the wheel with its arbor vertical, the miifute wheel of 
the train, is ono, and Jlhe scapewheel itself is another. 
The plain nnnned u^eel is the balapce. It has all the 
properties of the recoil escajiements^in clocks, apd is 
very inferior in accuracy to any bf the others* and now 
has hardly the advantage bven of cheapness over the 
lever, which is the standard English watch escapementf. 

Lever^ escapement. This in its original form was 
invented Jiy Berthoud about lop years ago, and 
according %o the picture of it in Bees's Cydopsedia 
it is identical in a]| but the position of some of the* 
parts with the rack-kaer esec^emenfj^ of wlpch Lither* 
land of Liverpool used to be*the great maker: the 
first watch 1 ever had was one of that kind. If you 
^ suppose the crutch of thb dead escapement yf a dock 
to end in » piece of a wlseel, of radius equal to the 
crutcli, and*working into a pinion set on the%bor of 
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% that is the rack-lerer escapetneut. The 

Oipections to i£ are tho frictioii of ths kack, ie» of 
the wheel and j^inion, and the dead 'fidetion on the 
pallets; and that wasf dniost entirely got 
^by the modification it Vhich was invented by 
Mudge about thiHy yeaas afterwards, and which used 
to^ be c^ed the detfiched lever, but is now gene¬ 
rally called the lever^ e^apement * simply, since the 
<radf has gone out of uae; and the term ^ detached * 
hdb been applied to another class of, escapements. 
It IS a curiofis fact in the history of watchmaking, 
that a pwliainentary committee in 1793 thought 
fit to award to this Mr.^ Mudge (or his son for 
him) 2000L, the same sum as Arnold 'and Eamshaw 
had had &om the«>Board of Longitude, in oppontion to 
the opinion of th^t Board, for a chronometer escape¬ 
ment which was not worth one. farthing and indeed 
turned out worth a«gQod deal less /;han nothing 1;o his 
son who spent ^iconsidemble sum in making them. 
However *he well deseiVefi his 3000L for the invention 
of this lever escapement, hf which ten times more are 
dow made in England than of all thp other escapements 
together, and which is almost equfd to the, best in 
accuracy and steadiness oi performance. The following 
itf the construction it. * • 

The scapewheel and, pallets are^prsdsely those of a 
dbck dead cscapemeut } €ut the pallets A B are set on 
a lever which turns on their arbor C and has a notch 
at' thp end, into winch a pin P in a small disc cm the 
Verge of the balance works, bding in &ct a single tooth 
of thw old twk lever The teeth oxdy just lock 

tin^the iTead '•part of the pallets, and the pin and the 
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notch Ere $o arranged that at soon as the escape ha^' 
taken place the pin slips out of the notch, and so 
balance is detached from the lever dnfing the remainder 

fiig. 57 * 



of its swing. When it comes back again the pjn re¬ 
enters the notch, moveslever just enough to^aend 
the jfooth Onto the impulse fsot of thftipaUe1)S» imd 
then the s(»pewheel acts on the lever and balance until 
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tooth has .escaped and another tooth has dropped 
onto the dead face of the other pallet^ when the pin 
passes ont of the notch in the othef direction and the 
balance is again &ee. i^llhe dead faces have a l^fe 
recoil the wrong way^ tq prevent the risk of the teeth * 
slipping off while the balance is free; and*l)e8ides that^ 
th^e is another pin S on the lever^ which moyes 
through a, notch in th^ balance distf at the same time 
lhat*P moves through the*lever notch: S has no actual 
coiitactj but ait is there prevent the lever from 
shading back^ and making a false escape while the 
balance is free^ The pallets are always jellfelled except 
in yery cheap watches, and the staff or verge of the 
balance ought always to have jewelled pivot holeSi and 
in good watches the staff of the lever also has. 

Macdowoll^s single-pin escapement (p. J04) was 
applied to some watches exactly in the same way. 
.They went very welk the extra expense of making 
them^ivas not found worth incurring. 

Horizontal or cyliMar escapement. It seems 
strange that Graham, the^nVentor of the dead escape- 
nteut, should not have been the author of its adaptation 
to watches, and should have invented instead a very 
different one, in appearance at least, which is now 
almost as universal^ used in foreign watches as the 
lever, which you see originally oaiUf from France, is in 
Shglish ones. The werge of the .balance is expanded 
into a comparatively l^go hollow cylinder in the 
middle, large enou|d^ to hold both a tooth of the scape- 
wheel and A short stenvon which each tooth stands ;#and 
about 150® also ^ the siijp ef the cylinder w cut dway, 
leaving the shaded portion A B in this drawing; in which 
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the tooth Bb has jnst escaped^ giving the impnlse to the# 
balance by its oblique fpxie acting on the e<%ei of the 
cylinder as it passes out. The point of the next tooth 
ATt then falls on the outside the cylinder^ just as a 
tooti in a clock escapement falls on the jdead face of 



the pallets^ and it rests thetevtill the balance returns, 
and then the outside of that tooth begins to give the 
impulse qntil it escapes into the inside of the cylinder 
and is stopped there as at till the balance returns 
again. The inferiority of this to the lever escapement 
is^.vidcnt, inasmuchjas the halunce is always ^subject to* 
the fnction and pressure of tHb teetl\; and pioreover i# 
the staff of the balance gets’b^qjten by a fall it is 
expensive to replace with a new one, which it is not in 
the Iqver. In the best watches the cylinder iq ma^ of 
a rubj^ and the wheel is generally made of||eel, iqstead 
of brass as ih*the other escapements. 
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^ There k a ^ench escapement rather like this, called 
the tirgvie eBc&pemeni, in which the teeth are in the 
plane of the wheel as nsual, with sniall pins rising from 
them near the points, wlvch act on a hollow cylii^d^, 
'smaller than in the horizontal escapement. At one 
beat of tffe balance a pin only passes from the outside 
to the inside of tl^ cylinder without givingjany impi^lsc. 
At the other beat the^enfbrging tooth acts upon a long 
, im^lse face or pallet added to the cylinder and gives 
the impulse.* I believe they are very little made. Most 
oAhe foireign watches have the horizonttd escapement. 

Duplei^ escapement* This is probably so called 
because the scapewhedl has two sets of teeth, one for 
the locking and the other for the impulse. The 
inventor of it is not known. Its action is peculiar and 
requires sozhe attention to understand it. It is even 
more distinctly than the last, a single beat escapement, 
for the scapewheel^only moves sez^sibly at every other 
beat^ i,e. at evejy vibration of the balance in one 
direction* only: not that* this makes any difference in 
the time of revolution of^He scapewheel, because in all 
double beat escapements only half a tooth-space passes 
the pallets at each beat, whereas in the sipgle beat 
dscapements a whoje space passes, or one 4^ooth runs 
immediately into ^e place occupied by the previous 
one; the‘effect <k which k thaf in a duplex or^a 
thronometer espitpemen!^ the $capewheel almost looks 
as if it did not mord dt aU. Yu is the verge of the 
balance, which k made of a ruby and has a nick in it 
through ^hidi the long teeth oi the scapewheel can 
pass ;• one ^ them is repiwsented as j^t escapid]^, and 
at the same moment one the impulse pins S is just 
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ready to act ii|K>n the tooth or pallet P on the verged 
and so to give the impulse to the hahmoe. By the 
time S has got to if*the next locking tooth B has fallen 
u^o^ the verge and is stoppg^ there as shown by the 
dotted line bv. When the balance retnrps^ the nick 
slips past the.tooth Iw, and th^lbalanee goes^bn till the 
pallet has into thOeposition p, with the nick quite 

Fig. 59 * • 



beyond th^tooth, and then the balance comes back again 
in the impulse direc|jj[on ; the tooth enters the nick andT 
the escape begins^ t^ itnpuls^ pins moving &om s td 
S and firom T without giving «any impulse^ except 
the small amount which the balance receives froin the 
long .tooth acting on thh nick in the verge until it 
escap^ in the position Y at Ijefore. The balance here 
is never therefore, as it is in the lever escapement. 





























































































398 


c 


WATCHES. 


( 


Vbut the cylinder on which the friction takes place is 
smaller than in* the horizontal escapement, and what is 
of still more consequence, the impulse is given directly 
across the line of centi^%t in the most favourable way, 
which constitutes the peat *merit of thei. escapement, 
and mak^s it ramk nex^ to the chronometer or com¬ 
pletely detached escapement,(S which shall i^ext 
describe. ^ But it requiSees great*" accunuiy of con- 
, strftction, is liable to stop from any sudden twist of the 
watch which, prevents thenbalance from once swinging 
fa^" enough for the nick to clear the tooth, and on the 
whole it eteen^s to be going out of use, as being neither 
so cheap nor so safe as the lever, and not so good as 
the chronometer escapement, wliich is used in all 
watches requiring very great accuracy. 

Ghronom'bterj or detached escapement. The 
principle of this escapement, as^ of the lever, seems to 
have been invented in France, by Julicn le Boy; but 
also ^ke the lever^ it acquired its now standard form in 
England,* under *the inipiovements of the first Arnold, 
who died in 1799, and Ealmshaw, the latter of whom 
appears to have beaten with his ordinary chronometers 
the picked ones both of Arnold and his othei; rivals of 
that time, such as Brockbank, Emery, and others. The 
second Arnold, who died in 1842, was as different from 
1;he real chronom'eter man, as many sons are from emi¬ 
nent father^, and j^yed Ais reputation first to his name 
and afterwards to }ifs partnership with the late Mr. 
Dent, who told me that the business had fallen so low 
as to* be % losing one^hen hefjoined it. After Arpold^s 
death* it came into the hands of Mr. G. Frodsham. 
under whom I have no doubt it has been very successful. 
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It should also be known that Eamshaw was the firsts 
watchmaker who had sense enough to*set at defiance 
the vulgar and ignbrant prejudice for ^high finish^ of 
the pon-acting sur¬ 
faces and to leave . 

them * in the grey/ • 

as It IS called* But 

* so long as smooth* * ^ 

work which every- • 

body can sep is ^ 

casicr than accui ate 'r|j|| TrTmm^^ fev 

work which few >^| 

people can judge of, ^ Tl 

watches like other | lllV il 

things will be got jl » if 

np for show. Old I i * v [PNllf 

Mr. Dent used* to |i iC_ t \ 

say, * We must work t {§ 111' il ® f 1 

for the fools.' Ne- '^t'l , i If ll 

vertheless in large //* H 

clocks we have got ' • ^j| f | 

nd of this folly to, 
a great eatent, and 1 1 
convinced. people J \l^/ | 

that painted iron j 

can go better and i I 

last longer than po- « P 

lished brass, when 

the work is pro- KM * 

• perly* constructed. * » » * 

Thjs drajfingj (fig. 6o) slfbws the form in which the 
chronoineter escapement has now been made for many 
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^lyesrt. The verge has a small tooth V upon it which 
pashes aside a lever or detent V T D as it passes in one 
direction^ but can pass the other wa/without moving the 
detent^ by merely pushing aside a very slight spring;. T V 
set on the end of the detentj which is therefore cidled 
the passixig spring. Tho detent is attached to the watch 
frame by a spring at like a stiff pendulum spring, so 
as to avoid the friction df any pivdts, as its motion is 
i very small, and it has a fctop T against which the t^th 
of the scapewheel arc stopped as soon,as the escape 
hah (taken place. It then rests itself against a pin E. 
The impulse M given exactly as in the duplex escape* 
ment, by the scapewheel teeth A acting directly on the 
pallet P projecting from the verge, although their form 
is rather different. The impulse begins as soon as the 
tooth V has* unlocked the detent: it is shown exactly 
in that position in the ffgure., The detent stop is a 
little undercut for ^figty, as the pallets are in the lever 
escapement, and ^ is always made of a jewel in good 
chronometers, and so it the impulse pallet. 

It should he observed H;hat both iu this and the 
duplex escapement, the pallet must not really have 
arrived quite in front of the impulse tooth at,the time 
when the unlocking^takes place, because the wheel takes 
& little time to get into motion, whereas the* balance is 
in quick motion at Wat time and ^ould therefore have 
run away frpm the»tooth4j^ it were not given some start^ 
as we may say. If itf ^ere drawn in a picture as it 
really is ipade, it would look as if it could not act, 
and therefore X have «drawn it*not exactly as it is.« 

Thu dhrouometer escapement has made the 
duplex plan, of long teeth for the lodging and short for 
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the impulse^ but I suppose there ms not found to W 
anj app]:eciable advantage in it^ as it has never been 
generally adopted. * 

*Iiever cltrouometer escap^ent. This is a com^ 
biualion of Jhe lever and the detached,escapement, 
which has b'den several times r^-invented. ^ ft is not m 
much consequence who was the first inventor^ and I 
can only say that I am told'* by Mr. Arnold of Baker 
Street, who brought me sometofithese watches to look, 
at, &at there is a notice of the invention, by §. man named 
Savage many years ago, in the Society o^ Arts^ Ti^ifis- 
actions. Mr. Dent had also had tfome ipade, but gave 
them up because he found they were inferior to the 
common chronometer. Mf. Arnold says the same, but 
says also that he has found them less liable to stop from 
careless wearing, which X can believe, and that they 
require less dclipacy of construction, and can therefore 
be made cheftper. Tficy certainly avoid one defect of 
the common chronometer, viz. fhe unequal action of 
the weight of the detent, which resists the unlocking 
in one position, helps it in pother, and is indifferent 
in a third, and also when the watch is lying fiat as' in 
box chronometers; which is another reason in favour of 
them. Thp^ action is this. The pallets AB (in fig. 6 j), 
which look like the lever escapement, only just lock, 
and have no impulse. The balance is here represented* 
at the moment of unlocking 4 an^ the impulse going 
to begin at C, exactly as in the tqmmon chronometer. 
By the time the impulse is finished the tooth now 
between A and B will ariive at pallet B and be stopped 
there.fA As the balance returns it will unlock B, ,which 
lets the whftel run a vexy little, just enough to carry 
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Hhat tooth past the pallet into the position shown in 
fig. bi, and tra&isfers the locking to A again; and this 
is what corresponds to the passing of the passing spring 



in the chronometer. Things are then agaip in the 
condition ready for^the unlocking of A and^giTing the 
imptdse as before. This is also analogous to the French 
Wgule escapement in wasting a little of the motion of 
the wheel in passing fi^m one locking to the other 
without any impulse, * * 

Bemontoires. The escapement for which Mudge 
received ^he parliamentary teward I have already 
spoken of, was On the rpniontoire prii^^ciple, and* there 
have been others on the same principle.* But they 
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have never coiye to any good^and I do not believe tbejf 
ever will in watcbes^ ajtlioagb I have myself helped to 
introduce them into large clocks, where it was pro- 
nbunced eq^ually certain tha^ ^ey must Ml, But 
conditions are essentially^ different in so ipany respec<» 
that no inffeience can be d«^ from-one wM.* can be 
of any use for* the other. It is sufficient to say that 
the friction of the train and dial work is the great 
source of variation in large clocks, and that the pen-, 
dulum arc varies very httlc while the vacation of the 
arc of the balance in a watch is very lai^e mdeed^in 
different states of the oil and in different positions, and 
nothing is more requisite to impress on horological 
inventors than this, that * nothing more complicated 
than what is now in use has the smallest chance of 
being adopted. And for that reason 1 do not think 
there is any other of the numerous e*scapements which 
have been ^blish^d’or exhibited at various times, 
which it is worth while to increase tlm size ol this Jbook 
hyjdescribing. 

% 

EKPEiTINa WATCHES. 

I understand that repeaters have so completely gone 
out of usesthat there are no English workmen now who 
even profess to make them. In watches a9 in clocks; 
all these multifarious indications oj time seem to havp 
gone out as greater accuracythas^ come in; and it is 
certainly true that tune-keepers which profess to 
perform many feats generally perform them all ill^ and^ 
frequently peqnire mending to make them go at all> 
1 shffil therefore merely indicate the general nature of 
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mschineiy; fall descriptions of it maj be found in 
Heidis book and in Bees'a Cyclopiedia. Watches were 
neyer made (so far as I know) to strike spontaneously: 
b^t pushing in the hap^le knob was ma^e to wind 
up the spring of a striking* part to such an extent 
as the petition of the dial-work allowed it to go, 
as 1 have already described under* the striking 
work of clocks; and the^atch than struck the hour 
either on a dat bell or^bn^a ring surrounding the works 
like those spiral springs ogi which small clocks some- 
tiihes strike, < and the ^quarters and perhaps a half- 
quarter afterwards, on two other rings, or on another 
less sonorous part of the hour-bell. 

f 
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A watch may be made ^o wind wijbbout a key in 
several ways. One plan is to put^a kind" of gathenng 
click to the handle knob, which pushes iu and takes 
hold of a ratchet set on thb barrel, or the fusee if there 
is one, and winds it up as you pull the handle out 
ag^n. But this was very liable to get out of order, and 
was also objectionable because it pumped air into the 
watch which produced condensation of moisture ; and the 
following plan (fig. ^ 2 ) was invented by a foreigner and 
has been for some years used by Mr. Dent, and lately 
by some other makers: is a wheel set on a ratchet 
on the barrel arbor, so*that it will only turn the barrel 
the right way (there is not rgom to introduce this 
mac]^uery in fusee wjLtches o^the common size) in 
the le^ hand figure is an iq^ermediate oblique bevelled 
wheel between d and a pinion b on the hatfdle. It is 
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erident tbereffore that if you turn the handle a the rigli 
way yon will windup the watch, and if you tum it the 
wrong way you will do no harm. 

* But he^des this you set the hands by the 
handle; fon there is a sdiall wheel e on the hand arbor 


Fig. 6l. 



with ai^other / by the side of it on a lerer fffhf by 
which that intermediate wheel can^bc thrown into gear 
with d as Veil as e. the lever coining through the side 
of the watch-case; ^d then it is clear that uy tnmiug 
the handle either way ^ou turn Jthe hands. If yoh 
have to turn the same way as hcrues to wind the 
yon do also wind it a little (and therefore if it h 
woiiqpid you cannot set the handssthat way) ;«but H ' 
othef way,*th^ you do not^move the barrel as the 
wheel d slfps on the ratchet. 
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^ The adrsntagbs of this mode of winding and hand- 
setting are that the watch has never to he opened, which 
kits air and dust in, and also that'the inner case or 
^dome^ at the back o^rthe watch is saved, which 
reduces the bulk and saves enough in cost to pay for 
the eitr^ inachmeify. ' > ' 

(The winding ratchet is analogous to that contrivance 
of Breguft’s, the mo^st (elebrated^of French clock- 
makers, called the tipsy key^ which has its handle 
cohnected with the pipe ^by two ratchets which fit 
closely into each other and are held together by a small 
spiral spring; (e.nd if you turn the handle the wrong 
way one ratchet only slips over the other. They are 
chiefly used with foreign watches, which are more easily 
strained than English ones. The best watch key is one 
with along stalky like a pencil, which you can twirl 
between your finger and thumb, holding the watch 
qtdte steady, instead of turning it half round as you 
are i^pt to do in winding with a common short 
which disifurbs the balance. 

Self-winding watch. '>4apoleon I. had a Watch 
Which wound itself up as he walked, by means of a 
weighted lever with a slight spring under it, which 
danced up and dowpi at every step, and hs(d a dick 
tfddng into a ratchet on the barrel. ' 

Pedometer* A similar lever may be made to drive 
d train like a watch i^ain;^but without any escapement, 
and then it in fact ^oufits the number of your steps 
and Radicates them on a dial. You can adjust it for 
the number of steps idiich you usually take in a paile, 
and then it measures the distance you ifdkv in a rough 
and approximate way; but it ought to be undersliood 
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that it is really nothing but f step-counter^ and unleis 
it is properly adjusted, and you are walking at the rate 
for which it is set, it is worth nothing for measuring 
nirtances «ccn«tely. 

w A • 

STOP WATCHES. * 

V 

It is sometimes conrenicnt to have the meaHS of 
marking a short intejpral J)e 5 reen two dbservations* 
with a watch, or to mark t)^e exact timejof an observj^ 
tion without looking off the thing yo!\ areb watclfing. 
Several contrivances have been invented for this, most 
or all of them involving some kind of duplication of the 
seconds hand. In one there are two seconds hands on 
concentric arbors connected by a. very weak spiral 
spring, and when you push in a pin one of them is 
stopped, while, the otli^r ^ill go oA for some seconds 
without thd connecting spring having force enough to 
stop the watch. Sut this is cfearl^ oljectionable, and 
a better plan is to have tlihtwo haifds or tih^i^*arborB 
connected by a sort of iec^entric disc acting upon a 
spring which will bring them together again aftey a 
separation of not*more than one revolution, or half of 
one. Several watches, of different constructions, on 
this spln-seconds plan were exhibited in 1851. 

There is also another perfectly different one, which 
enables you to m^e a marje on the dial at the ex^ 
time when you push in the pin at*the time of observa¬ 
tion. In fig. 63, X) D is the ^ial of a large watcl^ 
with the seconds band £ A B in the middle: the hand 
is double^ and the lowe:|* piece of it end^ in a little 
sp&on with some thick ink in it and a hole in the 
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tluxmg'li which % point from the upper hand 
E A. B can pass^and make a mark on the lhat 
hand is pulled down veay snddenlf'hy a hm 1 ) F C 
which slips over a st(^ F«o(a shape difficult to describd^ 
being pushe4 in by the knob and is immediately 
thrown out \)f contact ag&in with the link A 0 , by means 
of which it pulls down the hand. If you want gr^t 
precision of observation this apparatus should only be 
applied to^a double>beat «watc^, in which the seconds 
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hand makes 4 or 5 distinct^msves in the second^ and not 
a daplex or chronometer, in which there are only half 
the number of motions of the train. * 

1 am not aware that there is anything else of a 
momentary character, or belonging to the principles 
of dock and watchmaSung winch requires notice. 
Cpse-making is not horology, and 1 Save nothing to say 
about it, except that tihe cases of wbat are called 
liunting watches, wbich fly opqn with a spring when 
you pzess the handle, cannot be so dose against air 
imd dirt, al those whicli sna^ tight together, Per^ns 
who are afraid of breaking ^dr watch-glasses maj? be 
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tolerably safe with ^ htilf 2 timt)faig[ watcb^jf f hich bav# 
only a sm&U and etrong glass in the middle of the 
which may then fit tight, and need nerer be opened 
ehcept when the hands wanffte closeness 
of the case, makes a gi^t difOmeaCe m the time ‘a 
watch will go without meaniial. ^hey geltarally want 
at^ least cleaning about every two years; thodgh very 
good ones, with aM the e 8 ca|>ement work jewelled find 
well made, will go 4 or 5 years with no matSrial uaria- * 
tion of rate, which X thinks may be regi^^ded as ona of 
the greatest triumphs of mechiuiical art., At the.sStme 
time it should be remembered that ^letting either 
watches or clocks go too long without being cleaned 
and oiled is very bad ecohomy; for as soon as thj oil 
is all gone wearing out of the pivots begins. 

Watch dials are either made of gold of diver (which 
soon tarmshes).or of copper covered with enamel, which 
is a kind of *glass. ^ dthis belongs to a separate trade. 
It occurs to me just now that clock dials, both of 
house and tunret docks, nUght vevf well he mi^e of 
white glass like the Westminster dials, even when not 
illuminated. Such dials with black hands are fimre 
distinct than any* other kind, and if the black figures 
are bun^t in with black enamel, the dials would be 
everlasting and never want painting. Some of the 
public clocks in ^Paris Imt enamelled dials, wh^^ 
are far more expensive thfin thpse whije glasi| diols 
would be. • •. 
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It would be ft Bfttur&l ^estion to *ftsk how a clodk dta 
hftTOia histoiy, except ttfat it waa ordered of a clockmaker 
'an^ made, and that it has gone either well or ill, as the 
case may be. '(Tfae first clock at TVestminstlr had a rather 
remafkable Jiisliory, to which I have alluded already, Having 
been paid for out of a penalty on a corrupt Chief Justice, at 
the end of the thirteenth century ; and perhaps the motto 
on ^^e Buu'^dial on one of the*^ houses now opposite West¬ 
minster Hall, ^Diseiiejusiifiam moniti* may have descended 
fiom that event. There was a great boil there too, accord¬ 
ing to some accounts nearly as large as the present one. 
It was afterwards translated to the* new St, Raul's Cathe¬ 
dral and there cracked ,rei7 soon, and recast twice within 
a few^ years, and wjth no great success at last. Whether 
the dock struck up'on it 1 de*not know. If it did, it would 
probably be very feebly, ap I* cannot ascertain that even 
now there is any other clock in the world which ndses a 
hammer heavy enough for such a bell. * 

But although the new Westminster clock has <no sueb 
history as the old one, jt has a very singular history of its 
ow, Which I am assured many persons want fo 'see in an 
ftUtl^tie fol'm. It naturally divides itself into two distinct 
of about eight ^6arB,,sach, in the first of which I had 
nothing to do with bhe dnisinSes, and consequently derive 
fiearly all my knowing of it from the parUamentary 
papersj but in the Second period I have had a great deal 
to do with it) andlmoWanuch moS^e about it than haa bean 
hitherto disdosed) or can be by anybody elsp. * 
iLoUn Cikirittjru CMff bommwioner 
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oificisl correspani^oe Ali>out the clock Ijiegi^ u 
1844, by Si? Chcrlei^(t.ben Jilr.) Barry* initiit«(g to tb© 
Commissioners of Woods and ]B'Qresta^ wbo tbmi bad tbo 
management of her pSdi^sty*© public buildings^ that 'tbo 

* time had arrived when it was^cessary to have the specii* 
‘fications^ drawings, and estimaljps prepared*^ the clCek, 

* in order t\e^*ihe tofdU of the iower he ee^ried up m 

* a^fiordanee mik the neeeeemt^ urrangemenU for Me vseigHte 
*and fAachinory;* and recomnfending that an offer fiom 
Mr. Yulliamy, which he enc^osdd, should b# aecejj^ed. 
That Oder was to prepare the plans and specifications 1^* 
working drawings for a clock with sueh^diiJt and bells^as 
the architect described, for 100 guineas ff yfe had the 
making of the dock, but for aoo if he had not. Xhe Com¬ 
missioners without further inquiry authorised Mir, Barry to 
engage him to prepare a specification and estimate on those 
terms. Bight months afterwards Mr. yulliamy Wrote to 
say that he had only just observed that he was expected to 
send in an estimate as well as plans, and that that was not 
included in hij> offer, and he *objected to do it. No official 
answer appears to this letter; but^n^ihe next letter which 
he received, some months after, it w^ again incidentally 
mentioned that an estimate wdkenpecteff. He ^ill refused 
to send one, though it afterwards appeared that he had 
made one * for his own satisfaction,* and that it amouq^d 
to 3605including the sum he was to have for the 
drawings. 

Before JUr. Yulliamy had completed his plans the first 
Mr. I)ent*applied to the Commissioners to be allowed to 
tender for the dock. He was told that he should, as soctt 
as the plans and spdbification syere ready. But Mr, Yul* 
liamy's plans were exactly what xfieknt to have nothing 
to dp with, and ho very properly replied * that he should 

* degrading himself to the level of an executive mechanic* 
if ha consented to make tile dock fimm the plang of anothe]^ 

* ^ 18 pronto tint th!b Ustory of the elmdc sed balls wtsht 
type, sabjeet m oeneoficss of the proo» only, before ffir & $sny> dtsM* 

1*3 
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Versott in the trk^, tbeqgh he fiheild |>e quite ready to 
9XKf lueMotiona of the Aetronomer ^oyal or any 
authority eqeally eimnent, He he had 'done in toahini; Ihe 
l&change <doek. ^ ^ * 

* ihitia seems to hate opei^ieh the ^es of the Cmmtssioaere 
ie the mistake they were drifting ijoto $ for liord Caaning 
sOon aft^/ wrote tb the iuitronomer Boyid hud ashed him 
what course shouhi he adopted * in order that the e!<v<dc 

* might be the irery best that the skilb and scienee of the 

* country dottld supply/ Airy replied that a sImHar 

question had been pat to him respecting the Exchange 
dork a fbw feaia Wore. ' He sz^ that there was no 
markht, no such thing as a general coropetitkm for 
docks of t1^ anosual size and c^racter, and that he bad 
recommended a limited competition (which is tufident to 
secure the pmce being reasonable) of those whom he then 
believed to be the three best makers in England^ viz. 
3 ilx. Dent, Hir. Tulliamy, and Hr. Whitehurst of Derby* 
(Hhat it biid ended ia Mr. Dent being selected without any 
further intervention of his, and that Mr. pent bad not 
.only carried out all hi^ instructions,rihut had made some 
judicious improvements of his own, and the result was a 
dock whUh was kiperior to most astronomical docks in 
accuracy, and he had no doubt, was the best public clock 
in ^he world. If sny maker was to be selected at once, he 
therefore recommended Hr* Dent, provided he asked a 
reasonable price. > 

^the consequence o{ this was that the samO three makers 
were invited to compete for making the Westminster dock, 
snhjfmt to ^lertaia conditions laid down by the Astronomer 
|toyal as to the gede^ natisre of the' eozmtructioii and the 
accuracy of ‘the peffdrtga^; which it is ftnneoessayj to 
Reprint now Iti conseqiteaoe of the turn the business took 
bdbrq the dock was made. They*#ere printed in the drst 
^tian of Iffais book^ But stUl i singniiar dl8tiiiciion«was 
kept up between Hr. Vulliamir and otliera» for k* vsa 
Qomiduhicated widi <m)^ &xough the architsiOt, and" was 




naoreoTer told ikoAi ha to 9ugg«)it lA7^d6|Wg 

toe Ibsm I&. Airy** iKnadi^dMOtiil^A0 fpv reaaoA to 4 o «(l 
A nd tlwt liboii/ ha wm not Jbw-tjOOs iptiha, objeeted 
tP oveiy 006 qC ihe oq&di^M of did 

nof^gree -titli bte own |^mM 
clicks; iind^JioaKtunoa^ to eonditioiii (C^ mtsax$af ^ peiv 
formanoe impoambie wod ibaur^* and lOMl^ It oftet to 
publication of Mr* Mtj*M lotto aay^ w^SjT ^ 
aotuallf satitod ioiato Excllfoilie db^i of wbieb lotto 
there was a formal complaint ^ to Omninisaloiiofs that he 
had got a copy in some mysterkma ^ botoo it wae*ptto 
lished. He also objected to to proj|bed ctentod peer lihe 
work by the Astrooomer Bojal on the ground tot totAto 
ehowpd that he Was prejudiced iif toour 2 dl, Peewit. % 
short he refused to oompete at uU on to prupeaed tomti 
but went on with his original plans as if nothing aS this 
kind had happened; and he ultimately sent them to to 
architect, with Tarious papers of retpito m Mr. A 3 ry% 
condiUons, of objections to Idm pm^aBy* of redectioBs 
on Mr. Dent (who for some probably good reason was 
regarded thxdughout as his only formidable exponent), and 
of his own claims to be employed cm bis own terms. Ai^ 
which was duly transmitted t];6 Cbrnmissioiaers, and jby 
them to Mr. Airy with the ^ other tenders. 

Mr. Whitehurst and Mr. ]>ent agreed to all the eon^ 
ditions, and their tenders were respectively 3373l.*'smd 
1500!., ^exdusiTe of some magnetio aipperatus ytwh was 
than proposed to be added. 3 £r. Airy said he ooold not 
account to to astonishing dilferende ^ween to tenders, 
except on to gnnmd tot Mr. Pest had betto means pf 
mak^ such a deck thsn^Mr. WMtoustt, and vma 
probably willing to do so moi% wiiiim view 4 o distoebto 
ton profit. Although he eofi^gred it impossible tto 
Mir. Tnbiamy could be^mployed, in the pcMuton wkiii% h$ 
h^'a^msdf he vepotod on his^plane^ and sumrMl" bjd 
his opinion tom by saying that toy were to *piEto ^ 

‘ a h^e viaage*Glock of rely wupeto character and gtcbt 





but Ifoled in «U tbe 

provisiojto pu which accoracf uf dllpciudfit eapeeiA% 
iu u r^y large dock. J shall h^vu mov^ to saj about this 
daaigti hereafter, iu oeuaegueuce of the renewed attempt 
to force it upon the govurmpent after mf conneutiou 
with the work began. ^ weiU known Clerkenwell ^yilOj 
who aaadt^%|^*<made 3^00 turret clocks in 100 yeara, 
applied dbout tW time to he adautted as competitors; hut 
tbd/, like Mr* YuUiaiay, did»not professi to comply with die 
Astronomer Boyal’a published conditions, either as to oon- 
^Stmetion or scourac^ of performance. 

After Mr. Aiiy*dkport upon the plonB,in May 1847, 
Mr. WhitehuMt disappesara out of the husmess; and there 
can be littlh dojjibt that he would have equally disappeared 
if Mr. iDent and the Astronomer Bdyal had been got nd 
oft for it would have been mged with some force that it 
was not worth while to reject Tulliamy for the sake of 
the insignMc|mt difference between his 3^05?. and the 
3583l.,the amountpf Mr. Whitehurst’s tender + the 210I, 
whi^ would then We had to be p^d to Mr. Yulliamy for 
not employing him ; no suph arrangempt having been made 
for the benefit pf either of the other competitors. 

Xiofin <^Ki»t0La * Comfti^sioner of TTorits.—What then 
wae done by the Board of Woyks upon this tolerably deci¬ 
sive report of their own referee f Nothing. Lord Carhsle 
had handed over to three * special Coiqmissioners,’ the late 
Lord Be Grey and two other gentlemen whose ii^ames do 
not appear, what was called the superinteudeqoe of the 
works at the Houses df Farliament; and they were advised 
hy imtbodn to r^ort to the government in 184^,' jihat 

* there was no prospect thiq;^ of any definite period being 
*1fined at whkh the tower it^ould be completed to such an 
t extent ae to require aidecision on the ftubjept of the person 

* to be, ewployed to mid^e the cloek.* How than was the 
inter^l w^ question eettled, fer which the plane of ilie 
clock nad lieen requirea by the architect ? If Il|rv Tulltvp^r 
told me the truth (which I have no reashn to doubt), it 
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W9$ MfilM V ^ his plans; nxi$. 

ha coi);ilden% addad (as ha ajEberwards admitted in one of 
his pnntjed papers)-^* Hr* DM i» 41 l tisrer make that 
oloek** How that predietion fkildd^ 1 have now to relate, 
ieagiitkg OT^r a constdaMl^ in whioh nothing 

was none, iftto what X eidled |h6 seeand ^riod of the 
histoi^ • • » * * ^ 

Jjonn SsTMOim Chnmiesioner.^Towtais the end of 
1851 Lord Seymour, now Hake of Somerset, then tint 
Commissioner of Works, (whiqli hftd just been slrered/retn * 
tlie Woods and Forests) wrote to ask me, on the reoyttl^ 
mendation of the Aatronom€r*Boyai, to act %ith him in 4 »he 
management of the dock business* I had TpfioasTlnter- 
views with Lord Seymour about it, and examined the plans 
of 1847, or rather such of them as could he founds for 
some of Hr. Bent’s and all*of Mr. Whitehurst’s had dis* 
appeared, and some bad been damaged, while Hr. YuUiamy’s 
were quite dean and perfect* descriptions of them 
all however had been printed. I waa soon convinced that 
none of those pians wj>uld 80, Mr. Yulliamy’s had been 
already condemned by the Astronomer Boyal, and X should 
have gone farther than he did in the^ condemnation^ for a 
reason which will appear ^ssntly. * Hr. l^nt never 
appears to have been h^ornM of the intended size of the 
great bell, which governed the^oonstruction and size oi^ all 
the striking work;,and OQnaequen% his clock Was &o 
small fip* a bell of 14 tons, which weight is distinctly 
specided ip Mr. Ytdliipny’s papers, and seems also to have 
been Communicated in some unof^Sd way to Hr. White- 
himst, though not at all to Mr. Bent. I do«not undeC^ 
stand how that sttege disqrnpancy between the pLu^ 
escaped the notice of the Astroppidet Boyfl, who seems 
neitbm to have obsemd thal Mr. Bent’s deck onl^ 
professed to ealenlated for a 7! ton bell, nor ihqt Idir. 
Yu^iamy’s^ wmdi professed to be calculated/or coe of 
X4 tqns, bniy provided for Jp hammer very li&le heayim 
^ tike St. Faul's 'pifd Lincoln hells, wlnOh are 
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14 tons, but 5. 1 suppose Mr. Airy directed his atte^» 
taon chie£f to tb§ provisiona for aeeuring aatsur&oy of time- 
keeping; and he afterwards expressly declined having any- 
thing to do with the bells as being out of the range of his 
experience. ^^eTetthfilcee^tfe ia the person sclecled by the 
present Coipjhissioner offWoths, Mr. Oowp'er, to adyiae 
upon tbpin, and dbes nob sfppesr to have decliihd the 
coxpmission. ^ 

Moreover, in that interval from 1^84;^ to 1852, various 
imptovements had been Introduced into the construction of 
la];ge docks, chiefly through Mr. Bent, which we agreed 
this clock ou^t to possets.** Above all I was convinced 
that 1;be business could not be efficiently carried dn upon 
the circamlocution office system whieb bad been followed 
before t when Mr. Bent had to write to the Oommissionerg, 
and the Commissionwa to the* Astronomer Boyal, and the 
Astronomer Boyal to the Commissioners, and the Com¬ 
missioners back again to Mr. Bent, to settle such points as 
whether the dial wheels were to be adjustable by tangent 
screws, or the barrels tapered,*and so forttf: all ^Idch wo^tki 
be much better settled py five minutes’ conversation at die 
facto^ at the prop^ time. I knew that it was impoeaable, 
end if posoible; tl^t it w<auld be absurd aud mischievous, to 
prescribe beforehand a definite design for all the details of 
su^i a novel machine as 'this, with such an uupjsralleled 
combination of great sise, and therefore great weight and 
ftiction of the parts, with extreme delicacy and acn^uncy of 
performance, and 1 jras determined not to undertake it 
on that footing. ^ ^ « 

The resdit of tfai|i was l^at Mr. 4 iry and I proposed to 
Jjprd deymour, and he a^^d, to ask Hr. Bent for what 
his tender he would undertake to 

Hp edbh a clotdc as We vben described in a very general. 
PEy, pn the luiderstediog that he was to do everything 
we gnght eoiaciiushi'^orderhig, and that tha wholy was 
to be fOl^ect to onb spftnyal. Of course sut^^ a contract 
as that eould ^y he maiite by a person who had &Ji 
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fidence ifi referees^ and ka^v that tb^ were aot lik^ 
to impose ae^thing luafair upon ao 9 wbo ako felt 00 
much Bcientidc mtereeft in the work as to induce him to 
run considerable xkk of havine to do more than anybody 
coidd then foresee.. Luck% afi. meae conditions Qoneu]nnsd» 
and Mr. Dent cffeM to do th% work on those terms for 
i 8 oo 2 ., or just h^f the amouht^f Mr. TuUiamy^Sjestiinate. 
Lord Seymour at once accepted that offer and gate 
Dent the order for the clock, sf few days before he left the 
office of works in Feb^naary 1852*; ai^ most fortunate it 
Wits that he dad so, and put the matter beyoxid mocatidn 
by his Buccesstrs, as will presently be seen. * • 

Lobd JoiDT MjLiniraBs ComaaiaaipM 0 r.^ 1 [W%nst*thing 
that occurred after the clock was ordered does not apfear 
m the printed papers, but ia not insignificant as an intro¬ 
duction to what does appear! Mr. Dent and Sir C. Barry 
were both told by Lord Seymour that Ihe architect was to 
give the clockmaker such mfurmation as ho might require. 
This the architect interpreted to mean that the dockmaker 
was to give hym. Vorkii^ dra^ngs of tdie dodc; at least he 
immediately sent for^Mr, Dent and demanded them. He 
replied (according to the aoooimt he g^e me the samp day) 
that he had no working drawgs, azm did nob expect to 
have any, but only such sk^hes from Ike r^erees, or 
one of them, as would be sufficient for his men to v^k 
from, wit 4 i such pensonal instructions as thi^ would wo 
have; and besides, it was no part of his bargain to he at 
the expense of mining drawings, fo( which Yulliaiay 
had reoeiftd aoo guineas. And so he referred the Srebitaat 
to Mr. Airy and me for any inffirmation he required. * 
Aocordingdy Sir jO.^Bavry askpd us to meet him at Weslb 
mmater,whichwedidontbe3an4cffiAtdS?ch 18 53,and showed 
him the design of the dodk so aS it was matniwd* WV 
then learnt for the fiidt time that ike internal WaBs W 
beeiv already carried up n 4 irly to thft level of the di^ oO w 
plan s^uite kmo^stent witls thkt design, slt&ongh^it had 
hew* sent to* him by Lord Seymour before it was proposed 
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t\» Mr. Bent, for tbe express purpose of ascertaining whether 
there was any architectural objection to it, Mid Lord 
SejI’mour had had no answer. However it did not follow 
that the contract must be j^iven up; for I told Sir 0 . Barry 
that we should get over that'dif 5 i'*ulty by the exercise of^the 
power wo poi^essed^ of alt/*riug the plan as we thought fit. 
Mr. Bent tliereupon asked farund was allowed an additional 
ioq 7 .f because the necessity for a different and more exp9n'« 
sive plan was caused by no {(Iteration 0$ our opinion, but by 
;the fftate 01 the tower, ol Wihich we Jiad not been informed 
at the proper time. 

I sh^l (eep the history of the bells distinct from that of 
the clock, ^id therefore 1 only say of the internal walls at 
prejent, that the shaft or well provided for the clock is 
inconveniently narrow in the direction of the length of the 
clock frame, while it is so much too wide the other way, tlmt 
part of it has to be built over, and the north and south 
walls cut off sn the clock-room, or nobody could have got 
to wind up tbe clock. And the addition of that superfiuous 
space to the adjacent air shaft) or moving the^wall between 
that and tbe clock shaft,eastward by only its own thickness, 
would have avoided /dl the difficulty and much of the cost of 
hoisting the successive gresd bells up and down the tower. 
At that time too it was intended to put the staircase in the 
clpfk shaft, which is 174 feet deep in the middle of the 
tow%r, perfectly dark, and entirely without fresh air, except 
such as you might take in with you when you opfned the 
door at tbe bottom, ^his 1 did get altered, as the staircase 
was fiiriunately not built $ but even then it was^put in the 
only dark Vomer of the tower, and has to be lighted with 
gas up to the level of the^ general hqfa of the building. 
To be sure, it has tbe adyantage of a number of windows 
opening into tbe chimfiey called the air shaft, which is itself 
dark and is filled with the fumes df the ventilating fire of 
*the Houses of Farliacmnt. As** the scheme for extending 
the building westward fhimcthe dock tower is brppily 
stopped, and t^at now bnck side of tbe tower is to be 
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finiabed, there maj be some chance of the staircase bein§f 
indulged with windows, and possibly some of them may be 
made to open into the air of Palace Xai^d, and not into the 
fqiil air chimney of the Palace. 

^e nexlf move in the ^nfe^was this. Hr. Ailyhad 
declined to hare anything to do wjth the bells; and had gone 
abroad a few days after our*in|er|iew^th Sir* C. Barry, 
leaving me full*power to act for mm. I therefore wrote 
to *Lord J. Hannerg to urge d;he importance of ordering 
the hells, or at any rate the great Bell, as soon ds posable, ^ 
knowing that they would take a long time to make, and that* 
we •should he ^eiy much in thi dark as to the construction 
of the striking part of the clock until we safw -viRat weight 
of hammer a bell of 14 tons would require. » No notice jj^as 
taken of that letter; but exactly a month after it 1 was 
asked to meet Sir C. Bany*and Mr. Bent at the office of 
works; and then this took place. The Pirst Commissioner 
opened the business by telling Mr. Bent and 
bad been advised that a mistake had been made in sanction¬ 
ing a contract fer malyng the clock with the large wheels 
of cast iron initcan 0^ brass or gun mjetal. As our specifi¬ 
cation had not then been published, it spemed rather strange 
that anybody who knew or car^ anything about ‘Ijrass clock 
wheels should so soon be in % position to offer advice to the 
Board of Works about it. Mofcover it so happened that 
this substitution of iron for gun metal wheels had hidh 
expressly stated in our specification as a reason why Mr. 
Bent should not demand any great advance upon his old 
tender, alti^ugh the clock was to be made much larger, 
if the iron wheels could *he upset, there was another very» 
fair chance of getting^id of Mr^ Bent's contract. But fair 
^as the chance seemed, it, ^led a^ip.* fie and I had very 
little difficulty hi demolishing tne brass wheel nonsense;* 
and I well remember Lord S, Manners turning to Sir 0 . 
Barr^and saying, * Then t suppose w must he conten^^with. 

< the <^t iroq,' and he did no| attempt to argue that point 
furthen • • * • 
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V But there was yet another gun to £re, which waa 
evidently thought much heavier than the brasis one. The 
Gluef Commistiioner then informed ua that he thought it 
essential that some more referees should be appointed, 
including some civil engoleera and the arcMteet 'N\'hen 
the matter preached this ^oiut it was dif^cult to preserve 
one’s gravity. Hi. l)|^nt,^ad contracted tc make for the 
fixed sum of 1900 I. such a clock as the referees might 
impose upon him, with no protection against their extrava- 
gaiv?e or iniscarriage, eicept his confidence in their reason* 
ableness, experience, and skill in designing clock*wQrk; 
and this it was seriously proposed to alter into a mixed 
commission, consisting of the architect, who did not profess 
to.^^uow anything of clockmaking, and had recommended 
another maker, and of a number of other persona who 
might be eminent in other vlays, but would probably have 
to experimentalise in clockmaking at Mr. Dent’s expense 
before they ^ould be of any use in such a commission. 
However we did preserve as much gravity as we could, until 
we got into tlie street; and Wc weye r^er helped to it by 
the solemnity with ^ which we were^ assured, when other 
arguments had failed, that ^ it would be more satisfactory 
*to the (Government and (the House of Commons’if we 
would conseut to that revision of the contract. But we 
were not moved, even by that awful warning; and so we 
nAired, leaving t|ie new Coramissioi^er of Her Majesty’s 
Works and his architect to console one auolher as they 
might, ^ ^ 

. But the opposition tactics were not quite exhausted yet. 

few weeks afterwards I received a copy of a parlia¬ 
mentary paper entitled, «The Memorial of the Master^ 
Wardens, 'and Ctfilrt^of Assistants of the Company of 
' * Clockmakers of the City of London, to the Bight Hgnor- 
*able the Commissioners’ d&c., on the subject of the great 
< g1o(^ for |he Houses gf Parliament. The authorship of it 
was transparent enough, aii4 indeed Mr. Tulliamy d^d not* 
deny that it was his^ whether with or without some* other 
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aid, I do not pretend to saj. jnay be auppoeed, the* 

object of it waa to get himself and the sort'of committee he 
wanted, * ^ecially including Sir 0 , JSarrg * and some of the 
clockmakers themselves, substituted for Mr. Dent and the • 
Astr^omer Eoyal and me, or lii^thing as near thereto a» 
the Commis^ibners could manage for them*^ But. these 
ingenious gentlemen forgot that parliamAitarj pa^^s are a 
dangerous game'to play at, unless you have a case which 
cannot be spoilt bjs answering, or is safe not to 1>e 
answered. Tbe only effect of thp ptiblication of fhe Clack- 
makers’ memorial was to produce an answer to it in a feyr * 
days, which distlbsed various tffings which wdhld otherwise 
have lain quiet, and silenced the anti-Bentinb coj^fedetacy, 
and left old Mr. Bent to go on making the clock in peafis*) 
for the short remainder of his life. These documents are 
too long to print here: anybddy who is curious about sucli 
things may find them all together in Parliamentary paper 
500 of the year 1852. • 

Sin W. Molebwoets CMnmi$8ioner,’-^yLx, Bent died in 
March, 1853 ; and there^was &gain a new Commissioner of 
Works, who might be induced to ti^ bjs baud at upsetting 
tbe coui/ract if some plausible ground coyld be present^ to 
him. So presently ensued this^jreuarkalfle concurrence of 
events. On the 31 at of May 1853, the second Mr. Bent 
wrote to the Board of Works* saying that no prograps 
seemed to be making with the tower, and that thei^ore me 
could not^be responsible for the dock not being completed 
and fixed the specified time in 18^4. This letter was 
naturally oemmunicated to the architect; and a few days 
afterwards. Sir W. Molesworth told me that Sir^C. Barry* 
represented himself tfi be waiting for the clock; and he^ 
made various inquiries about Mcj J)enffs progress with it 
and his capacity to finish it. * * 

The statement that th^ architect was wadting for ^ the 
clock was so manifestly abidrd, fromibe visible sl^te ofithe • 
' tower,4;hat il^is only charitable to suppose that Sjp W. 
Molesworth ktOi misunderstood mm. At any rate he was 
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speedily satiafied that that waa impossible. Bat I after¬ 
wards discovered, though not for two years afterwards, when 
the next batch of Parliamentary clock *papers was published, 
that at the very time when the Chief Commissioner was 
*inquiriDg of me about *3hr. Trent's progresS and ajbility, 
his secretaries were getting legal opinions** whether they 
could not repudiate the fcontra^ altogether. The Crown 
lawyers at first gave an opinion that they could, and Mr. 
Dent was written to with <that pleasant intimation, accom¬ 
panied wHh the benevdleqt offer to make a new contract on 
q different footing. But he could consult lawyers asiwell 
as the Boar<f of AVorks, and he sent in a statement of his 
owfi, an^ said plainly that he did not believe any such 
lapinion had Ix^en given with full knowledge of the facts. 
The Attorney and Solicitor General were therefore con¬ 
sulted again *, and Mr. Dent^^ statement being admitted to 
be correct, they gave a different opinion, which made the 
Board abaivlon that creditable attempt at repudiating a 
contract inherited by a man whose competence to execute 
it they distinctly admitted, dnd who had«been spending his 
money upon it for months withoi^* a word of intimation 
that it was intended to repudiate it. 

Still ithere dfeemed. a^bther chance for them. In 
November 1853 Mr, Air^ resigned the joint superintend¬ 
ence of the work, which indeed had been little more than 
nbminal before. The Board evidently suppressed three of 
bis letters relating to this, and probably as many answers 
of their own, in their next professed puhlicatiop of * all the 
‘papers,* 4&c.; and ![ shall say no more of &t than that 
it arose from a conversation which he told me he had casually 
had with Sir 0 . Barry «about thef' clock, not long after 
that inter\^iew whfbh J have mentioned with Sir W. Moles- 
worth. 1 may ad *well add however, that although Mr. 
Airy’s certificate thus ceased bo be legally requisite for 
Mf. Deqt being paid^^he did ga to see the clock two years 
aftei^ards, at the request of the then Chief, Commissioner,* 
and expressed his approvKl of it, and hii opinion that Mr. 
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Dent onglit to be paid a fair proportion of tbe contracttf 
price. He might have demanded Ihe whole, as the impos¬ 
sibility of completing it was no &uLt of his, but he only 
asked for i6ooZ.,and was paid it on Hr. Airy's letter and 
my cprtificat& that the clogk ifftk completed as iar as it 
could be out.bf the tower. • 

On bis resignation the Board, of TVorkB tned hard to 
make mo resign also, pretending that they could not 
recognise me withoxtt him, ani^U actually not hesitating^ 
say that 'they were not aware^thM his positi(fa in J;he 
'matter ■was altered,’ after he had nob only formalljr * 
resigned, but repeated his defbrminatiou net to act aijy 
further! I was equally determined to See the cl^ck mnde.; 
and as they refused to give me the informatipn required, jjr 
to direct the architect to give it to Mr. Dent, I warned 
them that the clock would go t>n being made without it, and 
and that it would probably require some expensive alterations 
afterwards, especially as we had still no bells; ,and that the 
public might then judge who was to blame. 

SiB Bckjamih* Hal]^ Coihmmioner, —Nothing else ci 
any consequence happened until the first great beU arrived 
at Westmmster and we found by tnal wlmt sort of a dock 
hammer would be required. \And thin cam^ out* the 
natural consequence of the neglect of the Board of Works 
to order the bells for 3^ years after I had advised them to 
do so. All the calcu^tions which had been made akout^b 
required ^weight of tbe hammers, and therefore the con¬ 
struction o| the striking parts, turned out wrong; although 
we had provided for a hammer of nearly tliree times the 
weight of that for wliich Mr. VuUiamy’s clocks approved* 
by the Company of Olockmakei;ir, professed to he designed, 
though it would never have bren thtft. It was* 
clear from the experiments which were made, of oonrse • 
with the desire to impo5e*on the dock the lightest hammer 
that would bring out tbe ftdl tone oi^the hell, that not^jiing . 
less {^an abqut -^th of the freight of the bell would do, 
even*for tbe*thinner of the tl^o great hells. And this 
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, agrees with what I have found in smaller hells on the same 
scale of thickness, of which I shall speak afterwards, 
though we had no means of knowing it when the clock 
was made. r 

, The clock therefore hHd’ to,, he altered to'make ip lift 
heavier hammers, both ^for the hour and *the quarters. 
Eortunatf ly it was just impossible to do this within the 
confineh space allowed us by the mistaken construction of 
thb clock-shaft, without all'ering the |rame, by making the 
clo^ to ^’ind up twilie a week and putting fewer and 
larger cams on the great striking wheel, as 1 hr.ve • ex¬ 
plained under the construction of the clock. It was tilso 
neceosary^to make some alterations in the going part^ to 
H^pt it to thp illumination of the dials, which had not 
been contemplated at first, and was not advised by me at 
all. 1 am afiaid to mention the annual sum which Mr. 
Fitzroy told me the lighting was to cost; it seems so 
enormous. \ suppose it will be kuown very soon now. 
These alterations * were made in the year 1857 under a 
new order from the Board Of Works, Mr. Dent consent¬ 
ing to receive only 10 per cent, prqfit on fiis expenditure 
up to the completion of the clock. 

Jj6uj> Manzti'b^* Chirf Commissioner again.— 

Postponing the story of the ,.bells for the present, as well 
as that of the hands, th^re is nothing further to relate 
U^ltil we come to the fixing of the ^ clock. On the i6th 
of March 1859 noticp was received from Sir C. Barry’s 
engineer, wlio bad been hanging the bells and pltering the 
ImU-framc for 5 months, that the clock-room was arady for the 
•clock; and Mr. Dent immediately began to send the heavy 
parts of it there. But gojpg up a few days afterwards, I 
*found, w'hat*l hadidng expected, that it would be impos¬ 
sible for clockinakers work there or to observe anything 
accurately in the clock, on account of the darkness of the 
^room*. I therefore to^d the Board of Works that it was 
absolutel/^ necessary to have pore and larger,window’s put 
in, egj^ecially as the only light they get edmes tsecond'hand 
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through the semi-opaque glaea of the dials^ which hare cp 
wall behind them, in which the windows are. Of course all 
the clockmaker’s work had to be stopped until the hrick- 
Iqjrers and plasterers were again got rid of. And so the 
fixing of th 5 clock did noi^ really begin till the middle of 
April i859,,fbr the simple reasoq that till then the tower 
was not ready ^or it, althoughnthp dials find hands had been 
looking false prfetenccs for nearly two years, and legislators 
and newspaper editors had been continually ‘wanting to 
know * why the clock did not gp, ahd (as usuaiypaying no 
attention to the constant answer that the to\\er was not* 
ready, because it was not the dihswer they wiBited. , 

I then told the Chief Commissioner, for the i^ormation 
of the parliamentary interrogators, that the#c*lock would he 
going by the meeting of the new parliament, on the 3iBt 
of May 1859. And so it wfis: to the evident disappoint¬ 
ment of some of the newspaper wTiter.s, wdio had been 
exulting in their own prophetic incredulity only a few days 
before, and in fact w'hile the clock wste actually going. 
But now turned «p a Jresh difficulty. "When the design 
of the dials Vas aljprcd for illumination in 1856, Sir 
C. Barry wdshed to have the prescribed pattern of tbo 
hands altered and made morfi^ otnamefital, J,told* him 
they would he made as copper tubes, and that Mr. 
Dent could put on any reasoifable amount of ornament 
which did not make^them too heavy. This however ^id 
not suit him, and as things were then going on smoothly, 
and I cafo^ little about the pattern of the hands, so long 
as they w^re light enough and strong enough, it was 
at last agreed that he should get tlie hands made liimself,* 
subject to my appreval as those points. After a 
few weeks he asked me to go ^nd*look at a pattern* 
hand which he had had made 0/ cas# iron. I was pretty • 
sure before I saw it that it would be too heavy; and it 
weighed nearly 5 cwt., mcluding • a small bar pu^ on * 
tempojparily Jo complete the^ counterpoise; for of course 
large*clock•hanfls must be counterpoised. 1 therefore 
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rejected that at once, and said, as I had said before, that the 
long hands with 4 :heir counterpoises must not weigh above 
2 cwt.; not meaning to be particular to a few pounds, but 
knowing that proper hands could be made (as they nqw 
are) of only that weight; tnclqding both the* visible and 
partial counterpoise outside the dial and the^ remainder of 
it which it is botteif to pu^;^ inside. < 

The architect’s next essay was in gnn-metal, and there 
he*^certainly succeeded better as far^s weiglit was con¬ 
cerned ; for the hand dmd external counterpoise weighed 
•only 1 cwt. 2 qrs. 14lbs., and the internal counterpoise (not 
then made) ^.ould perhaps have weighed 3 cwt. mere. 
But then the question of strength. The hann seemed 
tqjtne too wea^ +0 carry its own weight and to resist any 
force of wind; but Sir C. Barry and his engineer, Mr. Jahez 
JamcB, were confident it would he found strong enough *, and 
so it was agreed that that pair of hands should bo put up 
for trial. I Ijcard nothing more of any consequence about 
them, and saw all*the hands on the dials for two years 
before the clock came, and they appeared to bo substan¬ 
tially the same as the pairl had thus conditiolially approved. 
But when the clock was connected with them it was 
found imnossible id mal^ foi* b.r hour by any adjust¬ 
ment of the counterpoises, ^fter several weeks bad been 
wasted on the attempt 1 had one of the hands tahen off, 
a^jl then the mystery was cleared up. The gun-metal 
bands had evidently been found too weak, as I had expected, 
and had been strengthened, or meant to be strengthened, 
bj screwing thick plates of copper all along the iack; then 
ihey had been thought too narrow, and had been widened 
by some more plates of cojjper, until*81 lbs. of it had been 
%ddod to each mii.iScte Hand, or three times the whole 
i weight of the copper tuties of which the* present hands are 
made. This of course involved an*enormous addition to the 
^ short counterpoises, so thetwhole mass of each hand 

and its counterpoises, internal and external^ had b|bn in¬ 
creased to 6i cv^., or considerably more than the cak-iron 
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hand which T had originally rejected; and the whole of tbe 
hands and counterpoises which the clock was expected to 
drive was no less than tons. 

• We also found that the hands had been fitted to the 
arbc^rs in a*way which no, cldfcftmaker ever adopts, with¬ 
out any tap&ring (sec p. 211),^ so that th^ shook over 
through a considerable anglt e,viTy tilie they ►passed the 
vertical, which* threw too much weight upon ttie clock 
in one position of 4^he handstand too little in another. 
By making some new aud ^etHbr fitted ctAinterf^oises • 
we* did manage to make two pairs of hands go, but 
it ‘was hopeless to attempt to drive them all; and* so 
I wrote to Lord John Manners that -Sirit!/. Barry’s 
minute hands must be remo\ ed aud propq;* ones made^or 
the clock could not be completed. 1 did not then propose 
to meddle with the hour Irtuids; for although they were 
equally bad in construction, and one of them has since 
cracked, they did not prevent the clock from ^oing, because 
their motion is so much slower arid th^r weight less than 
those of the long haud^. They ought all to be replaced by 
new ones; bu^ Mr. ^owper refused to have a single new 
one in the place of* the one already‘cracked, aud would have 
it mended aud refixed, not by \h€;cloc11 makers, Jut by the 
engineer; aud it stopped th$ clock again, and that di^ had 
to be disconnected again, till thb hour hand w as altered.^ 

On my announcement that the minute hands must^^o, 
one of the old struggles took place, the Board trying to 
get the'irypkiiig of or the control over the new hands for 
the archi^ct, and I being determined that they should 
not, until my responsibility fur the w^ork w'as,discharged. 
It was nothing to them tha^ he had first made a pair 
of hands too heavy, and theh ^another pair too weak, 
and then altered them into others# which were both too 
heavy and too weak; but it w^as something to me, whcP* 
had undertaken to see that the w^^rk was completed; and 
there|ore I j;old Lord John Manners that I haa given Mr. 
Deni the desigfi for a proper let of handls, and thkt he or 
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hn successor at the Board of 'Works might take them 
off again afterwards if he liked. At last the Board 
gaye in; or perhaps I should say, Lgrd John Manners 
went out; and the new hands w'ere made as described 
at.p. 251, and they with thuir epunterpoises weigh exactly 
what 1 said they should three years before, and less 
than one thirS of the removed ones, which were sold for 
39Z. as old metal, after costing nobody kuOws how much. 
A pfetty good indication this is, of wlpit w ould have been 
• the spccess "and cost of tbe clock, if Lord Canning in 1845 
rfhd Lord Seymour in 1852 Had not stopped it from drit'tmg 
into the courscin which it was intended to go. 

Tbe^costsof tbe clock, including all the alterations ren- 
det;^d necessary by the absence of the bells till after the 
clock was made, and by this affair of the hands, was under 
3400Z.; which is less than the/ mere estimate for the rival 
plan of Mr. Vulliainy and the Company of elockmakers, 
which he refused to send in as a tender for a contract. 
If that rival plaiv had been adopted the whole clock 
must have shared the fate 0# Sir C. Barry’s hands; for 
the rate of going of such a clock with dials of tnat size would 
hare been a national disgrace; and the absurd inadequacy 
of tbe striking wa-R may ko judged of from these two 
simplo facts: the great hammer was to be lifted by pins on 
the second wheel, only ^ inch thick, which correspond to 
st^*-faced cams cast on the great wheel of Mr. Dent’s 
clock 2^ inches thick; and Mr. Yulliahiy only professed to 
provide for a hammer very little heavier than thdt of the 
before-mentioned Hotel d© Ville clock at Pans, w'hich he 
himself put foiward as his model of large cloekmaking; 
and yet tbe bell of that clock weighs only one-fourth of the 
14 tons which his sjicciHcation assumed the Westminsttr 
bell to be. i 

Of course Mr. Cowper and the Board of Works knew 
the real cost oi the clock as well as 1 do, when they so 
stated it as to lead the House of Commons and the ])ublie 
to believe that it has cosb more than 2Ss,ooo{, The- only 
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other sums which I have had to certify besides the 340^Z.» 
are 5966Z. for the bells, which again is jsrithin the estimate 
given to Parliament before they were ordered, though it 
includes the 570J. paid to Mr. Hears (besides the value 
of two toss of raetul) for h^jMery successful recasting of 
thd great ball; and sumo'smml items amounting, 1 think, 
to 320Z, alltfjgetlier, for epgiifeeringb work* upt belonging 
either to the clockinaker or the bell-founder. With all the 
rest of the 23,000?. (or whatever it may he) for dials, hands, 
hell-frame, and ‘ otlier incideutalaexpenses,’ liiave nothing 
at all to do. All that belong^ to the ai'cliitect. • 

.Mb. Pitzboy (hmmissioner^ —The cloel^ began to strike 
the hours in July 1859, and the quarteriS iu'Septeinber: 
another delay and more expense being incurred by the floor 
of the dark room above the clock being fount! too weak 
to carry the cranks and • lovers by which the quarter- 
hammers are connected with the clock. Aud on the 1st of 


October all the striking was stopped by the Board of 
Works, on their being informed by qae that the great beU 
was cracked, ^hj the quarters should have bten stopped, 
I do nJt kncwr, and I’told them i^ w’as unnecessary ; but 
I Lad quite troulild enough to get leave to examine the 


great bell without taking,any m«JV) to convince the 
Secretaries of tlie Board of Works that the ijuarter bells 
were not lik<‘ly to catch the same disease by being allow'ed 
to perform in tlie pre-ence of tlie cracked hour bell. *m 
In the last inteWiew I had with Mr. Fitzroy wS had 


arranged all that seemed necessary for Mr. Bent’s de¬ 
livering \ip the clock comph'te in a few months, and 
then having it opened to the inspection of tlie public, 
of course under J-he control of the clocSmaker who 


is responsible for it, as it itfCouiid.elsew'hi^re tiiat in 4 iu 
other way can mischief be prtv^'uted ;• and coiiMdering 
the unusual jealousy which this aflair has excited, it itu 
quite certain that no opportunity would bo missed dt doing 
anything that would depreciate tiie characterf)f th^ clock. 
It due ib,th» memory o^Mr. Pitzroy, as well a»to Lord 


Q2 
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Limover and the Duke of Somerset, to say that I never 
had the least diffi?*ulty in getliiig any suggestion attended 
to by them j)ersonaIly, and always settled amicably, which- 
^ever way it was settled; and that I was always treated by 
them as if they did not fd1|j|et that T had been for years 
taking more trouble in this nfettcr than anybody else can 
know, with' no possible advavtagc to myself, except the 
satisfaction of seeing the greatest horologiciil work in the 
world executed in the best way, and with no waste of 

<none^r. ' 

Mr. Cowper Oommisnoner. —The present, ninth Com¬ 
missioner of Works since tlife business began, has a dif¬ 
ferent'view of things. He has not followed one single 
suggestion whicji he has recci\ed from me, unless it has 
been confirmed by other ad^ isers, whom he consults behind 
the hack of the person who is considered by the public 
responsible for the success of the clock. Ho tells the 
House of Co^nmons that, among other persona, he has 
consulted the AstrOncmier Koyal ‘ who is a very good judge 

* of clocks,’ and that after the 'dock is completed i^ider niy 
superintendence it is t(^be handed over to Mr. Airy to be 
altered in the striking parts: an arrangement which appears, 
remarkably rational bn thp faue of it. 

I am far from meaning to reflect on the Astronomer 
Eoyal for gi^ing the best advice he can on any scientific 
question asked him by the Government. He has himself 
written to assure me that in his opinion ‘the clock is far 

* belter in iny hands than in any other person’s, And that 
‘ ipdecd he docs iiot^ know any other person ,'who could 
‘•superintcid it; * as it certainly must be superintended by 
somebody, now that Mr. Dent is dead; though he might have 
been very safely truffled ifith it without any control, not 
merely from his great skill aud experience, but from his 
having such an interest in its successful performance as 
nobody eUe can have-7-except, X suppose, myself.* But 1 

' i 

* Mr. Cowper certainly lias an iniinent examp/e be&ire him in his 
management of pulilic clocks. Ju-^t when the late Mr.'Pent was dying, 
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am sure Mr. Airy would have told Mr. Cowpor if he ^d 
asked him, that he has uo expcrieuce and no special know- 
ledge of the strikiog work of large clocks, aud still less of 
J>ells; about which also Mr. Cowper imposes on him the 
trouble of* advising, though might have learnt from th^ 
papers in hfe own office tld Mr. Airy expressly declined 
that part of*the business ij^ ^^52. The trtitl\is—for Mr. 
Cowper has at last let it out—that ho, or his master, wants 
the striking to be (educed; apd be has adopted or invented 
the sagacious idea that a large tracked beU aan be made 
into an imitation of a smaller sound one by some nu\f mode 
of striking., lie certainly* shows more ^sagacity iir not 
askings.me to undertake any such operation upon tl^p clock. 
Whether he will persuade the Astronomer lioyal or any 
other scientific person to risk his credit upon it, I*do not 
know. But i do know' that any such folly can only end in 
wasting money, aud that the clock will have to be altered 
back ^gein, and of course a new bell made, as nearly 
ever} body in London seems to kuio;^ by ?his time, except 
Mr. Cowper aiui his colleagues. 

To be svfre, he is o^jly carrying 011 that ‘ zigzag prin¬ 
ciple ’ on wliicl^ miother great? ihstitution vvas said to 
work, and which has presailed \Viili almost unbroken 
uniformity from the beginning of this bnsindhs; for every 
Commissioner who has done•nuything towards forwarding 
it, or managing it in a rational way, has been suce'eeded 
by one, aud onec* by tw'o, who have done tlieir bt*st to 
obslnfct or mismanage it. Thus too we have seen the new 
# 

the Gr(‘shaia Committee, which is itractically the Loiulou Corpor&tion, 
under a clockmahiiin Lord Mayur, bethought ihemsolvefe that the time 
was arrived for raakiefi^a rtw airau^ement for the care and winding of the 
Exciians'e clock ; and the result v\as,*tliat took ii«uut of the hamls of 
Mr. Lent, who harl spent fsir moic upontt than ho had ever got for it, and 
had actually charged them nothing since *tt was repaired and the latest 
iiuprovcmtnls introduced in«] 85 .:], and 1 kuow did not int*‘Dd to do 
they had been quiet; and th^, by way of secuiiug its being fvbtended to 
in*the beat possible way, they put it intB the hands of ^ well-lanown4lrm 
who- never made such a clock ij their lives, and have been' more active 
th:ta anybody else in publishing abuse of Mr. Dent’s clocks. * 
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Westminster bridge begun, and then stopped for several 
years, and one Commissioner destroying the flowers, the 
scats, and the walks planted or made by his predecessor, 
and 14,000/. spent on a scheme for cleaning out a pond 
wiiiph has to be abandonetfll^before it is finished, an4 a 
quarter of a million in ventilflhg and varmifig, and ten 
tunes that sum, and«three t'nu«s the architect's estimate 
in building, the Palace of the Legislature; and now we 
have hlr. Cowper of couAe put where ,he is to turn out 
1*he fir^st architect of this'agp, wiio had been selected by a 
previous Commissioner for the new public offices, and to 
put ill Sir C. Barry’s son, or ^ome other gentleman in the 
Italian Mne, if the House of Commons will allow it. 

So ends the hi^ory of the clock up to the present time, 
having already seen the deaths of the three clockmakers, 
■the architect, and two CominiSsioners of Works, whose 
names are involved in it. What further vicissitudes it may 
have to go thrpugh, I cannot pretend to guess, save as 
the future may be'’«d^Vined from the past. Too many 
people have had to be disappoiAted, defeated and exposed 
in getting it tliere, for its existenee to he easily forgiven, 
or for any of its occasional failures, sucll as all machines 
arc liable to, not tc'lie magfiilied into radical defects if 
possible. Among them are persons who evidently understand 
how to‘make things pleasant’ noth with (Jovernment Boards 
and with that sub-editor of the Times^ wdio, in the spirit of an 
Irishman paying off a grudge with a rifle behind a hedge,tried 
to ruin Mr. Dent last year by pronouncing him ‘evidently an 
adept oul\ in the e”t of how not fo do it,’ because Mr. Dent 
hadvtold him, that if he had eitlur inquired, or looked into 
the clock-room, be might liuve learnt tliat the clock was 
waning for the tower, ar'd ndt the tower for the clock, as 
his,newspaper had severrl times told the world.* So when 

* Tills is the gentleman "who aoqaircd an enviable fame by pretending to 
guess at aiid pnblishuig the name ot a cones].oudent ot the Tm(», 'wHh 
whom he was caiiyiiig on a little theoht^ical coiitiovcisy iuDetteib to his 
own newBpii^iCT under a well-known alms. This, itsceme, the use of 
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the clock stopped striking one Sunday, while it was 
notoriously uiidnishcd, that was thought luiportant enough 
to be aDnouiic('d in the largA type and most conspicuous 
place in the Times^ and the attention of the Board of 
Works invoked. And then games Mr. Loscby, with more 
thin even ^oor olo. Mr."Hulliainy*B hatrq/i of Mr. Dent, 
and of everybody wlio has fUppor^d hrttn ^(for reasons 
apparent enough m this bookj, and he and the ehjrk of the 
"vtorks at Wosiminster constitute^ themselves into a Q^rcen- 
wich Time CommiKsion, set up « clock in Ih^ said clerk^s 
office, and publish what they* call var'atioiis ol the^'ate.^f 
the great clo^-k, measured by the striking^of the quarters, 
which,variatioiis had been corrected befope they w;gr(f pub¬ 
lished, as described at page 257. 

Meanwhile, anyone who has really /fccurate mtans of 
judging can obser\e that this huge cast-iron matdime, 
which has to dr he Ihrough all weathers sueh a weight of 
hands as no other clock has in the worhl, keeps Ix'ttcr time 
than the beat public clock you ean^iind‘of the common 
construction apd common*si/c. And it bhonld never be 
forgotten tfcat tlie flcbigncr and supporters of the rival 
]dau coiifeaaed %hifl they could do no Mich thing, and 
derided the pos^ihility of ijiaking a«i;Joch of tliis size keep 
acmirate time at all, AccoMihg to them, if w'ould have 
been him ply one more cloclc in Westminster, a sort of con¬ 
ventional appciid.ige to a great public building, but yorth 
rather less tliaii uSual as a standard of time. * 


THK WESTMINSTER BELLS. 

1 HAVE already^icntioned that soon aftcr*the clockVas 
ordered in 1852 1 advised th^Boais^of VVcjfks to take some 
steps about the bells. No nfttffq was taken of that letter, 

llint artitrory rale intro Inrevl by iJio inaiiastor? of that oxorapjary publi- 
• ^ 1011 , that ‘(‘ui]v‘s].x>ml( iistiiubt bend Sheir namcb in comfila^cCf tUongh 
not necesbujly for jtublieation :' a iiilo for whuii tliore^a no* justification, 
^ X£opt art stated wlftclv>ugUt to be ^oaubud for. • 
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n^r was anything done in the buBiness for nearly three 
years — in fact pntil the clock was all but finished. 
But about six months aft^'the failure of the attempt to 
repudiate that contract, on the ground of the first Mr. 
'Dent’s death, Sir W. Molesi^rth sent for the second Mr*. 
Dent and asked him some qiies^ions* about the bells/on 
which he was to coi{)muni(^te with me. I desired him to 
refer the'Board to my lelteV of April 1852^ only adding 
that Messrs. Warner of* Jewin Crescent ought then to 
be included^in any competition, witlf Mr. Mears, and 
h^essAi. Taylor of LoughbVjrough, who were the only 
Engksh* makers ^of large bell^ at the time of my former 
lettet. .Then thpre was some correspondence between the 
Board and Sir C. Barry, from which there is nothing 
mat^rhil to extract;, llis advice was in substance the same 
as mine, except that he recomiqendcd that the commission 
should be given to Mr. Hears, unless there was to be a 
competition, 1 siipj)OBe because ho had succeeded so well 
at Yorkj^and thb £x/;hange. However it was settled that 
there was to be a competition, apd so there was no occasion 
to discuss that question. He also 'recommended that I 
should be asked to prepare a specifictitiyu, and that the 
work fthpuld be supej^iteiided^and certified by me, and the 
Eev. Williafli Taylor, ■wliodi I had previously mentioned as 
the only person I knew who bacf paid any attention to this 
subject. 

As «no less than three persons of that name have now 
been connected with the making and certifying of beL^s, and 
two of them at least are constantly confounded* by the 
newspapers, it may as well be mentioned that the 5 iev. W. 
Taylor, one of the referees of the Westminster bells, is not 
M^. Edward T^lor, thq Gresiiam professor of music, who 
was the referee of the secwivl peal cast by Mr. Mears for 
jjip Boyal Exchange after it was rebuilt, and refused to 
certify his ^proval of them. And as the identity of name 
in the referns^is not the oftly common point in.the history*of 
the Westminster and the Exchange bells, 1 li^ill say a wvird 
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more about them here. After Professor Taylor’s refusal 
to certify them as they were, or to exaimne them any more, 
Sir H. Bishop was applied to, and he evaded giving any 
opinion beyond expressing a significant hope that the^ 
might be ihade righ^ adding thUt the public mast form their 
own judgment of tlieni, Mr, Mears afterwards got some 
musical certificates that they jvero ii#tune (\\hich a set of 
iron pots may be as well as the best bells in the ^forld) and 
al last he was puid for tham. The public howevPr did 
form their own opinion, and^tlAt opinion wls sucjji thajj 
Mr. Mears deemed it expedient to publish a paper (from 
wdiich these .facts appear) •for the purpose of showing, 
exactly as in his Wesininsler affair ten years afterwards, 
that the clockmaker and the chime m^^chinery were in 
fault, and not the hells at all; which, he added, must he 
good ones because they were cast from the patterns of the 
Bow bells; whereas nothing could prove more decisively 
that they were badly cast, since the sound of the two peals 
was very diflerent, while the sliape and^i/^c were thi same. 

Notwitlibtanding this difnionstraiion of the excellence 
of the bells,•and various alterations in the chiine-w ork to 
meet the sugges^ns that were made, the Gresham com¬ 
mittee at last stopped theii*^all.ogcifher; and sooft after¬ 
wards sent the whole 15 bjlls to Messrs. Tailor of Lough¬ 
borough to he re-cast,ybr iUe third time. Mr. Moais’s first 
peal i never heard, hut the short time it was allowt^ to 
stay tliere is tolera^bly concluaive as to its merits. Cff the 
second* 1 should have condemned every bell but one, which 
was so gpod that it was difficult td understand how it^ot 
into hucli company. At the Exchange too, as qfterward8,at 
Westminster, Mr. Bent’s men found that tlicre were holes 
in the sound-bow of the largfest bell (whi«h weighed ftj 
tons), after the clock hammer*had, been striking on it fpr 
some time, which fully, accounted fur the hadnebS of tl!t> ^ 
tone. Not that w^e ipust coi^sider this lathing re- 
mal'k.ible, after Mr. Mcars’s public declariltioii by fiis 
counsel lately, that lie conlid«ra it impossible to d&st large 
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be 14 j without holes, and that it is the regular practice at 
his foundry to sto^ them up with resin and bell-filings 
before the bells are shown to the referees, when there are 
ftny referees. * • 

Messrs. Taylor’s new peal It tho Exchange had not b^n 
completed to tljb satisfactiqn of the referees there, at the 
time of making the* Westirinuter contract,'and it was 
spoken of as unsatisfactory by Professor Wheatstone, wbp 
was consulted by the Board of Works, rs I shall mention . 
presently. T had myself ^ggested to the founders to offer 
to’re-cast the bells so much smaller as to make the job pay 
for itself, as mighL easily be done to the great lells of York 
and Ojftord, and* with no loss, but a great gain both of 
power ^nd qualitji of tone, because they are so bad ; but I 
strongly advised them not to attempt to reproduce the same 
notes with bells of only fths 6f the weight, according to 
the modern practice w’hich all the founders follow, unless 
the contrary is ordered. That part of the advice they did not 
follow, ftid the conStquence is that their Exchange bells, 
though better than the previou8^ones,.are by no means what 
they ought to be. 1 sha]! have more to ^y about this modem 
system of making thin bells hereafter; i^ is enough to say 
at present tjjat the tenor beV'of this new Exchange peal is 
of the same note as those of Bow Church, and the old York 
Minster peal (copied also in the new), and the once famous 
bell *qf Sherborne, but the weight is only 3 3 cwt. instead 
of 53. It is plain that either the old or the modem scale 
is wrong, and you have only to listen to learn whiqh 'it is. 

I, was asked by the Board of Works to prepare«a specifi- 
catiou for the Westminster bells in February 1855 : which 
I did, notwitiistanding their ^behavioui* about the clock a 
fefv mouths bdfore. S’iiqy were pleased to approve of it, 
with some alterations oftno consequence; but they proposed 
•Brother alteration of very great <;onBequence, viz: the 
adj^ition cAfhe First C^mmissioEer himself as a referee. 
As he coaid not possibly be of any use in superinten^ng 
the construction of a peal of* beHs, it was clear that wten- 
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ever he acted at all, it could only be for the purpoa^of 
obstructing the other referees at the suggestions of soxue- 
body else behind the scenes, exactly as two successive com- 
{aissioners bad been then trying to do for several years in 
the clock business. Mr.^Tayi^ and 1 at once refused to* 
ac^ upon tlfat footihg, and so the business was again put 
off. At last •Professor Wh^tsljbne w&g con^ultj^d. He did 
not profess to‘know anything of bell-making; blithe spoke 
elen more strong!v than I h^d done of the failure at the 
Hoyal Exchange. Indeed he went so far as tossay that * th| 
'unsatisfactory result there Ihowed that no known beU- 
' founder in Jjngland could bi relied on/ ai^ proposed to try 
a foreign one ; though he gave no reason ^r assuming*that 
the foreign btll-founders were any better than the English. 
Ho proposed, and the proposal was adopted, that & com¬ 
mission should be given to Sir. 0 . Barry and bimseK to 
look about them at the Paris Exhibition, where they were 
going, 'and to collect information respecting the most 
'esteemed chimes in Prance and B^elgium, and whether 
'there are nothin either of those countries makers ac- 
'quainted vkh the traditions of the art, or who have 
* applied the uiod^riPdiscoveries of Science to the improve- 
‘ ment of bells, of to efficiijjnt subtflitutes for them; * a 
tolerably wide commission cerfainly, and not ve^y distinctly 
aimed at the only practical question, whether there was 
any bell-founder who could be safely trusted to make aq)eal 
of bells of uhicb the largest was to be 14 tons, asf pre¬ 
scribed* in 1846. 

They &ade no report of tbo information they collected j 
but Mr. Wheatstone communicated it, or all that ’ he 
thought valuable, t^ Mr. Taylor and me w hen we were all 
three appointed referees afterb«irds„yiough be never other¬ 
wise acted in the business. * The foreign bell-foundeys 
appear to have kept their secrets very -well (if they haiv . 
any) except as to what they professed to be able to do, and 
the^ prices they should charge; &nd it was clRir that'in 
tha^ respeftj; ^ any rate* tl^ere would be liitb or no 



34^, OHE )yESTmN6TEB BELLS. « 

a(|^antage in going abroad and bo abandoning all control over 
the work. There was no evidence of any existing foreign 
founder having cast a bell of even 5 tons •,» and there are now 
at any rate two new bells in England of 4 tons, which are 
*both (if one may venture afcer l^te experience \.o say that 
of any bell befere its inside is looked mto) perfectly sohnd 
and good castings, and al8o*]?e1ij:er in point of sound than 
any othei< great bell in the kingdom. Thefee are the 4th 
quarter bell at Westminster^pnd the rajher larger one c^t 
^y the same founders fo# the Leeds Town Hall from the 
pattern of the Doncaster ’bells, which I shall describe 
hereufter. , < ^ . 

In August 1&55, Sir W. Molesworth left the Bpard of 
works to rule over the colonies; and Sir B. Hall (Lord 
Llanovcr), who succeeded him, immediately wrote to me 
expressing his regret at the differences which he found had 
prevailed between the Board and me, and asking if I would 
still undertake tlie business, with Mr. Tavlor and Professor 
Wheatstone, substaqtially on the same terms as 1 had pro¬ 
posed six mouths before; and I at once copsented to do so. 
Accordingly my specification was sent to alk the English 
bell-founders who wefe Supposed to*h^/e the means of 
executing such a lai^e work, Messrs. Mears, Taylor, and 
Warner, afid tenders were* received from all of them. 
Mr. Mears was pleased to say lately by his counsel, that he 
lost.the job, although his tender was the lowest, because I 
was determined that Messrs. Warner should have it; and 
therefore I shall now publish the real reason, which»I have 
hitherto withheld. • * 

jlt is true that his tender was the lowest; but it was 
accompanied with an objection to subpiit to the referees, 
who, he told .the Bpaxd, wVre prejudiced against him; 
exactly as Mr. VuUiamj^had objected to the Astronomer 
.^J^oyal as the referee of the clock | because he had shown 
himself to^be prejudiced in favouijj of Mr. Dent ’ by saying 
he* had po doubt that liis Exchange clock was the kest 
public clock in the world. •It*’must be confqiSsed tbht if 
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* prejudice ’ means judgment founded on experience (wl^H 
is only just the opposite of its real •meaning), all tlie 
three referees were prejudiced against Mr. Hears. My 
ppiiiion of all his most recent large bells was well known, 
and had Been published .in Afe papers already referred to, 
an^ so had ^lr. Wheatstone’s, as just now stated; and Mr. 
Taylor’s opinion of the gre%t J^ell of Fork (where he lived 
when it was hung) was, it seems, equally well ^nown to 
tfiose \tho were interested in knowing it. But that sihgulor 
coincidence of ‘prejudice* auioBg the three^ersoqp whg 
happened to be consulted would perhaps strike the Com¬ 
missioner of tWorks as provtbg somethings rather didf^rcnt 
from their unfiriiess to be reftfrees. At aiy rate tliey were 
not removed to please Mr. Hears, any meye than Mr- Airy 
was to please Mr. Vulliamy ; and although he said also that 
nobody else had the means ef executing such a piece of bell- 
founding, Lord Llanover preferred to try the other fouuders 
^ho made no such objection; and Mr. MJpars found out, 
when it was too late, that he had beeikii litUe too confident 
of getting the jf>b on his oWn terms: a lesson by which he 
took care ttf profit when he had another opportunity of 
toudering two yeSiks afterwards. 

Messrs. Taylor% tender wjis^ alsif Awer than Messrs. 
Warner’s. But they required two years for making the 
bells, and an advance of moirey for the metal, which the 
government was not disposed to make if it could be avoided. 
Probably that migUt have been got over on proper security 
being ^iven; but they also showed by their tender that 
they iutepded to make the great beB thin, as they had done 
at the Exchange, and elsewhere. 1 had thei^ no idea .of 
giving the design myself, but 1 knew that that thin scale of 
bell-innking as as contrary to ^notice of all former ages 
and of all countries, and tliat ih*e ef(ect was bad; and there¬ 
fore I was not disposed to urge Lord Llanover to stretd^ ' 
the point of the money,advance^in their favour; and^ao 
they also lost the honour of being the bell-foiflideps lo Her 
Majesty at}*Wefttminster, afid it necessarily Tell to^ Messrs. 
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TViimer. So now Mr. Mcars, and everybody else whose 
expectations or projects have been defeated in that business, 
know exactly how much of the disappointment they owe 
j!0 me, and how much the founders themselves played intp 
my*hands, if 1 anted Mes^. "Wlarner to be employed, and 
Mr. Hears in particular to be rejected. * ‘ 

Tho way 'in wbiclf it cati^e ^.o pass that I had to design 
the bells, was this:—When we came to talk about the con¬ 
tract,‘Messrs. Warner refused to be fesponsible .for the 
notes />f the Oells. Up td that time their method of casting 
bSlls of any required notes had been to copy the pattern of 
some existing oix^s of the sam\^ note. How /ar that plan 
would have availed them for h peal of this unusual size may 
be juc\gttd from \his: they were convinced, by what mode 
of calculation I do not know, that the fourth quarter bell 
would have to be 6 tons, to produce the proper note to suit 
the great bell, and quietly derided me for saying it would 
be under 4 tops:' it is 78 cwt. They then used also the 
same soft compositi^Hi (4 copper to 1 tin) for church beUs, 
which answers well enough foi* hand or ^ousc-bclls, but 
which they have abandoned iu large ones for 1 * harder and 
better sounding composition, since they ]f<£arnt better from 
the Westminster expSrimqntsB At last 1 consented to take 
the responsibility of all ejpcejpt the casting^ provided I was 
allowed to make some preliminary experiments to deter- 
minMhe best form and composition. Tho experiments only 
cost about I zol. out of the 5966?. whibh the bells them¬ 
selves have cost, including the re-custiug of the great beU 
by ^r. Hears. ‘ * 

«I shall explain the practical results of the experiments in 
the chapter on the construction of belk>; but there is one 
peculiarity in the shap* of these bells which 1 must shortly 
explain here, because up depended nothing less than the 
*^ssibility of getting the great bell^ into its place without 
pulling Botiie part of the tower to pieces, 

Ttie weiglA of the great bell had been fixed at 14 tons, 
apparently by fhe ai*chitect kinlscli', long beiore*"). bad ‘^ny- 
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thing to do with it, I suppose in order to maho it exceed 
the largest hells that had been cast in England, Aiz; those 
for Montreal and York Minster. But the strange thing is 
that, although the tower is 28 feet square inside, and was, 
specially built for the clock ^d bells, it is cut up into 
wells, or sh/il‘ts, of which the qnly one opejp from top to 
bottom is 7 iilcbes narrowei^than the •Montreal bell of 13 
tops, and 4 inches smaller than the York bell of^ 11 tons; 
and there is no spa^e whatevei left in the tower wider than 
8^ feet, or about 9 inches less |ba!i the diamellbr of §. belh 
ot^ 14 tons. Over or in that wider shaft too, was to coiffe 
thb clock (which weighs nearTy 5 tons), and three floors, of 
wood, iron, and stone, and an iron chamber for the Tpendu- 
lum, and a large mass of iron called tb% penduluiQ-cock, 
and two iron beams, all built into the walls. Of course not, 
one of these things could be fixed till the bells had gone up 
if indeed by any coutrivauce a bell 9 feet wide or more, 
could be made to go up that 8J feet opening,; and of course 
they would all ha^e to be taken out ag;ain, if ever the bell 
bad to go dowi» agai^ that way, and would have to be 
afterwards re^aci^ at an enormous expense. 

Fortunately it furred to me to make an alteration in 
the shape and construction of•jjbqbelft? which reduces the 
total height to J of the diameter. This made the first 
bell low enough to be taken tip the clock-shaft sideways 
in a cradle; which, although it was mfire difhcuU ^fhan 
taking it up in the straightforw arh way, mouth downwards, 
was infinitely better than taking it up outside and then 
landing ii in through a great holS cut in the top of the 
tower. It appears from the newspapers evidently speaking 
from authority thirt the people who ha\o been at work 
hoisting and hanging the bells ^ 4 *makiiig and alterii^ 
the bell-frame for two years now,*have actually not dis¬ 
covered that the second bell is so much smaller than tfiS 
first that it can go down,^nd of epurse a similar new ope 
can*fjo up, the air-shaft sideways. I’or it is ificonceivable, 
that.if they kn^ the bell*i8*ouly yi.feet fiigh, abd their 
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ofjn air-shaft 8 feet wide, they mould deliberately propose 
(as they do) to pull everything to pieces for the mere 
pleasure of sending the hell down or up the wrong shaft, 
^ which^ though 6 inches wider than the other, is still 6 inches 
narrower than the width of the b^l. But nothing is surpris¬ 
ing there. The taking down of the cracked 'bell and'the 
taking up ef the ne'.v one qugjbt to be made a matter of 
contract^ with an engineer, without anj* architectural 
interference, the contractor taking all t];^e risk. * 

« Tl^ reduition in the height of these bells is chiefly due 
to the substitution of a crown or head like a low mushroom, 
or 9 button with a thick nefck, instead of ,the 6 ears or 
ca»a?M^Bually east on the top of bells to hang them by, 
and whjcli are pecesaarily taller. An iron collar in two 
halves embraces the neck of the mushroom, and is fastened 
to the beam above by 6 bolts.* The clapper-bolt (if there 
is one) goes through a round hole in the mushroom, and 
square throug|^ the beam or stock; so that when all the 
bolts are loosened*^ little, the bell can bo turned into 
a new position after it has gotpw'oru in oq^e by the clapper 
or the clock-hammer. ' « 

E?cii this small maltdr met with Tli^usual stormy fate 
of the'^horological kflproveraj'uts at ‘Westminster. A Mr. 
W. L. Balter had tried to persuade me to get the bells 
made and hung according to a patented plan of hia, by a 
single bolt through* the crowm, which was to be also the 
clapper bolt. I found that nobody w'ofild use it except for 
very small bells, for which it had been used oceaiuionally, 
long before either Mr.‘ Baker's patent or nativity, I was 
nO more disposed to adopt it than the bell-founders; and 
as everybody seemed to approve of Ih/^ mushroom top for 
these bells, it was utiod, it has since been for some 
others. Mr. Baker, hz^v^g first ])ronounced it worse, next 
■iiet to work to prove that it was identical with his own, in 
pamphlets and periodicals iununjerable; which 1 left un- 
answel^d, ad* he generalfy ga\e a picture of the two plans, 
which was theT^est answer i& him. Like oae df the ^ants 
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iu a> celebrated history, ‘ he has a brother far more savafe 
than himself,* a clerk in holy orders in Northamptonshire; 
and he delivered and published a lecture on my ini(|Qity to 
ajL Archmulo^ical Society in those parts, and sent me a 
cop^ of it, ^'ith a threatening fdtter of 1 don’t know what 
consequence^, if I 8id not compensate his brother for 
having the Queen’s bells ^a 4 e jvith wlAt he was pleased to 
call an infringement of his patent. I believe Mr, Baker 
afferwards made on$ of that acinnal number of about’zo^p 
inventors wlio have got wise enoflgh to let tlteir p{y:entB« 
die at the end of the three years which the first payment 
covers. Aud«after all this, 1 found iu ajclerman bo^ a 
description of the mushroom T;op itself hfwing bee® used 
probably as long before my time as Mr.,Baker’s,central 
bolt was hStoTO bis, as 1 am always prepared to find in the 
case of any mechanical invention for any tolerably obvious 
object. The only objection to it for common use is that it 
makes the iron-work more Cij)en8iv(‘. I ^hall describe 
hereafter another improvement iu hangiftg which does not. 

The first great bell was dast by Messrs. Warner at an 
iron-foundry iSelonging to one of their family at Norton, 
near Stockton-upX-Tees, on the ‘6th of August 1856, 1 
went there aiid saw it as soo^ ap it taken out^>f the 
mould, wlpch came off leavmg the bell quite clean, and 
without either holes, or seams‘or ‘fins’ sticking out of it 
into cracks in the mould; and so neither this, nor an^ of 
Messrs. Warner’s bells that I have had to look at, reqjpred 
a fortnight to dress and Hrim^ and prepare for the referees, 
like a certain other bell which 1 Ellmll have to speak of 
presently. It deviated however half a note, from thfi 
intended E fiat, anj exceeded the intended weight by 
nearly 2 tons, in consequenc^* of a» excess in thickness 
beyond the pattern, which the fCuiSdcrs could not account 
for; and the furtlier copsequence was that the metal sc^ 
nearly ran short, that the qpushrooin crow’n was not perfect, 
and the top of the bell was visibly porous, frofti the Vant 
of a gtLfiicieip\ hchd or presBifl:e«f metal above it. *Except 
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Uat we have gained some useful experience by the. sub¬ 
sequent disc overy of the internal delects both of this bell 
and 4k successor, 1 should say it was unlucky that the 
metal had not run a little shorter, and ensured the rejection 
of* that bell at once, and 'saved us from the' still worse 
failure of the second. Its diameter was 9 ft'. 5I in.the 
height 7 ft. lOg in.; thickjness qf sound-bow 9! in. The 
weight was 15 tons 18 cwt. according to the weighing in 
the north, but it fell to i5i.tons 13 cwt. when Mr. Hears 
weighed it owo years after for old metal; which was right, 

I dp not pretend to say, as it was no bui'iness of mine< to 
certify the weights; and I 'neard that tliore was a still 
greater diffi‘rence between the weighing machines in 
Londpp and thi? north in the case of Mr. Mears’s great 
York bell, but in the opposite direction. In that beU too 
there is a still worse miscarriage in the thickness, for it 
is 81 in. thick on one side and only yj on the other; the 
Westminster bell was of equal thickness all round, though 
not of the thicknefrs prescribed. No wonder that the York 
bell is so bad as it is, csperially as it..has holes in the 
surface also, and scabs or blisters under th^^ surface, which 
the striking of the hammer has reve’aUyi. 

Thd be^ was trlbd at.tl^a foundry With an experimental 
clapper of 7 cwt., wliich however was quite ing,dequate to 
bring out the full sound; and therefore tlio permanent 
clapper was inucfe 13 cwt., which might have been reduced 
to a\jythiiig less if it w^as found too heavy. It was tried 
at Westminster with this clapper in Noveniher and 
sp far from its being found too heavy, it required to be 
pulled by Icabt six meu to bring out the full sound, aud 
ten were not too many. No one cwho remembers the 
newspaper accounts cif it deed be told that the admiration 
•generally expressed was so great that it would have been 
useless and absurd for the referees to refuse their certificate, 
either on the ground that it rcQuired a clapper beyond all 
expectation, OP that the casting was bad at the t6p, or^ 
that it considerably excecdsd ^ho prescribed aud 
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weight. Pot it would have beea answered, and not m 9 - 
fairly, that the bell proved itself to be right in the J^Mon 
of nearly all who lieard it, and there was no pnflptuii 
either the thicknesa 1 had prescribed, or the weight of, 
clapper I had reckoned om^ w^d have been any better. 
Nevertheless. *Mr. Taylor, thou^ he had yot the same 
paternal rtasou as 1 had foripreferring^the patter^ which 
ha^ been given, did certify his approval very unwillingly; 
and the cracking of the bell within a year certainly proved 
that no injustice would havebei^ ^)ne jf we hacfabsoUtely • 
reftlsed to certify and the Board of Works to pay for it.^ * 
Of course tht founders decSire that the ei'acking wasino 
fault of theirs : that was quite nnpoasible: ‘ if the bell had 
*only been struck with a clapper of 5 or 6 cint. it would not 
‘have cracked.* Most liktly not; and if every bell that was 
ever cracked in the world hah been struck with a clapper 
of only half the weight that cracked it, it would probably 
not have been cracked. But with all Bubirisaion to the 
bell-foundefli, 1 am of opinion that a Wll which will not 
stand such a clapper .or hammer as is actually found 
necessary to m^e^t s^und properly, ipso facto proved to 

be a bad one, althowh it may be didicult or impossible to 
ascertain until it is" broken u^a^id tSs meial examined, 
what th(f real or the principal delect is. In tliat bell of 
Messrs. Warner’s there was no difficulty in discovering one 
quite sufficient defect, viz.: the excess ST thickness, ilot 
merely of 3 ui. in the sound-bow (which would have dor|s no 
harm), btit/in increase from 4^ in., wliich was the prescribed 
thickness above the souud-bow, to 5I iii. Thai was the cause 
of the excessive obstinacy of the bell in speaking oifC 
except under a clapper of tljat unusual wcglit; and 
Messrs. Warner are perfectly sayiflg that that* 

cracked it. The only difference between us is, that !• 
think the fault lay witli those who made the beU so^ 
different from the prescribed patteim» &ud contrary to alj 
precedent besides, as to require a force to brin^ ilte* sound 
out Which Bell itself would not ataud'; whilb they 
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t*ant to throw the blame on those who ordered and rang 
thej||Qper so to 'make the bell give out its sound. 

HjjjjP^ it never is the founder who cracks a bell. Even 
if heroakcs the clapper and hangs the bell he does not ring 
it';' and bells do not crdfck of themselves. * The above 
mentioned bpll of Sherborne Church, called Cardinal 
'Wolsev*s,*though it had be^nrecast in i670,icracked almost 
immfediately after it was rohung and tlie’clapper altered by 
Mr. Hears in 1858. Of course the •ringers did it. His 
firstrHontieal bell of y'toqs cracked about as soon as the 
Wp Westminster bells; and ho and the people who i>aw 
the fracture thire have very different opinions about the 
cause. I know a gentleman who saw it broken up. And 
we k»iow that Ve and his ^lies were going to swear that 
his Westminster bell was cracked by the hammer being too 
heavy, although it w'as withiR the weight specified in his 
contract, and lighter in proportion than the ringing clappers 
(which always strike much harder) of tho great bell of 
Paris and other folPeign hells. • 

But as Messrs. Warner arb pleased to iusinuate that I 
cracked their bell, 9s well as Mr. Mea>*sM, and we have 
learned something of its constitution/^since it was broken 
up w'hich, could ffol be kj»jwn befor^', I shall say a little 
more about it. Besides that fatal mistake in the thickness, 
the porosity which was allvays visible at the top, from the 
metal running dliort, was found to go much deeper than 
wa8|?uspected ; and the metal througtiout was very inferior 
in density to the bits that were cut from the t aimers at the 
top and the ^ns at'the bottom of tlie hell; 4;hough the 
j^Orosity-was very much leas than in the second hell. But 
worse than all this, Mr. Hears found*iu breaking it up, that 
•there was a place abifaj: ifi in. by 5 in. inside the sound- 
*bow, where the two streams of metal bad never united; at 
least that w’as the opinion of the le&rued in such things. Oqb 
of the sides of this natural cr,ack came into Hr. Taylor’s 
possession,' and was borrowed of him to exhibit at thd’ Civil* 
Eiiginfeers* Institution aft«p ivTr. Hears’d bellrhad cracked. 
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Itist.etKsttHe..aB,e..cciae„,JaveT,s.gB,y 
one, and not likely to occur again as Meisrs. Warner now 
cast their bells: bjut there it was; and so I thi^ tbie 
* great success * of theirs (which still figures in their adver¬ 
tisements) {ftid Mr. Mears’^ * mcl^ificent casting ’ may pair * 
off Without fnuch injustice to either of them; though it 
must be added that Messrs, yf^hiev hiwe sifice been really 
successful in tv^ o bells of unusual size; while Mr. Hears 
declares it to be imj^ossible to ,cast large bells less porous 
or more homogeneous than bis. * • • 

Mr. Hears's bell. When the first bell cracked, neither 
the Commissioner of Works dor the referee^ had any ddsire 
to take the re-castiiig out of Messrs. Warner’s band&ji l^ut 
just as Mr. Meats had lost it in 1855 by making sure of 
getting it on his own terms, so^id Messrs. Warner m* 1857, 
by making sure that Mr. Meats would not be employed on 
any terms, and standing out for a price, of which I w ill say 
no more than this: Mr. Mear3*8 price for re-casting w as 
just 50 per cent, above the price which,is almost invariable 
for bells of all sjzes (for iu*castmg large bells there is less 
moulding to 'do than *for small ones in proportion to the 
weight of metal) ;\na"^et Messrs. Wimer demanded a price 
which would have«come to a.little nfore than twice what 
Mr. Mears received. The condequence was thaB he got the 
job, and they lost it, and apparently consider themselves as 
ill-used as he did in having lost it the fiast time; and they 
expect it to be forgdtten that when they got it thei*had 
some of the fundamental principles of their art to learn, 
and re(*ei^ed an unheard-of price bestdes, for casting 24 tons 
of bell-metal, two thirds of which was a complete failu^ 
and ought never to have been paid for. 

Ever since Mr. Mears’s bSll crarjeed, he has had il^' 
advantage of telling his own ^ol^, almobt without coutr^ 
diction. The genilemai; who does the science of the !Fm0e 
—and many other things^as well—and evidently derives a 
good deal of information from some particular frie&ids *of 
min^ at ‘^^detminster (not that 1 take that* to be«his only 
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motive), immeaiately espoused Mr. Mears’s cause. The 
jbtiou of that ^fnaguidcent casting * binug unsound was 
ridiculous; any thing rather than that: the composition 
must be ^rong, and if wrong it must be my fault; the 
hammer was probably toajbea^, or the buffers wrong,*^ar 
tlTe bell too tight in the collar—‘ff)id not tliis journal 
always protest agf>in8i that? And now ^at last it has 
clearjy Cirai ked the bell.* And so forth. Then came Mr. 
Meacs's action, in which his counsel made a speech/and 
then madev an end of the “business vnthout any damages, 
' <ind ‘without getting, and'^ being expressly refused what 
Mp. Mears had been fightii.g for througl^out, viz. a, re¬ 
tractation of my statement that his hell would never have 
been certijied if the holes in it had not been concealed. And 
as hohad to giv^ up also auolfeer thing, which 1 was certainly 
flattered at his contending fpr, viz. an engagement from 
me not to publish my version of the affair, I shall now take 
the liberty of doing so. 

When he lend<{red for recasting the bell in 1857 we 
heard no more of his objectior to the referees, by which he 
no doubt knew that he had lost the*casting «f all the bells 
in 1855, and had thefeby set up a ftri^flable opposition to 
the almost monopqjjc which he had enjrf/ed for years. He 
was willin* even to accei^t fne design of the bell from me— 
a much greater interferen/ie than had been proposed or 
contemplated i’Vi '85$. The composition, which he has 
sinoi^ pretended that he objected to,' was not arbitrarily 
prcsm'ibed by me, but was inserted in the contract ;with his 
full concurrence, and more than concurrence; ibr I asked 
Sl^m, when he brought me the draft contract and proposed 
some alterations, whether he wished, to make any in the 
composition Qf the pld bell (which was the same), and he 
answered No, and that *iL 'was about what he should use if 
Uft to himself, and that the metal would be all the better 
for bbing melted again with the addition of some new^ On 
ahother ocuision too, he spoke to me of the bells of one of 
the other founders being gcne^'ally too soft, fts^they were; 
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and even at his trial, where he had prepared for a lecture 
on bell-founding to the jury, by casting some thin bars of 
different compositions, his counsel did not venture to ring 
tliem without admitting the superiority of tone of the one 
nearest to the prescribed jpomposition. The trial stopped' 
befcA'e breaking point; and as not one of the bars was of 
the actual Westininster composicion, the breaking experi¬ 
ment would have proved nothing—except that he v^as jifraid 
of Snaking a fair one. But independently of aU this, do 
Mr. Mears and his friends expect (k) convince anybody that^ 
he^ being of Huud mind and understanding, deliberately 
signed a contij^ct to make a^bell worth 2^00^. of a ixfetd 
which hp even suspected to bir too brittle, when tfe® same 
contract provided that the referees might try it as they 
pleased with a clapper of 7 cfk., and if it cracked in the 
trials (as the former boll did), he was not to be paid for it ? 
That he had discovered it was too brittle, and that his 
friends at the Westminster palace had also, long bi'fore it 
cracked, I have no doubt; for we learned from his counsers 
speech, that they knew both that and some other things 
about it, of which the referees were never informed. But 
it is now know'll Mso;* that the rcusdn why it is too brittle 
is, not that it is of uhe prescribed composition, but tTiat it 
is not^ ut any rate in the sound-bow, which is ^cracked in 
six places already. 

fcjtill, as tlie prescribed composition cocefcains rather more 
tin (which produces the hardness, and brittleness*, and 
sonorousness of that alloy of copper) than is usual in 
modern bells, 1 will give the reasouj why it was adopted ^ 
although 1 should have no more objected to ]!dr. Mesu^ 
altering it a little, ^if he desired, than 1 did to Messrs. 
Warner doing so in the DimcdJfter church beUs, which were*^ 
cast under luy direction exactl}* ifd ,the same time, because 
they complained that that metal is so hard to cut for tunin«>. 

First then, we found in the experiments of 1855, what 
Mr.'Mears admitted at his trial, fhat iucreascug the pro¬ 
portion of 1^1 tip to 4 of tlft qppper sensibly impraved the 
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B^und, and that the difference between anything near that 
proportion and the 4 lo 1 composition, which Messrs. 
‘Warner then used, was so great os to. put that soft metal 
^ out of the question. Next we found that 3 to i was t]ie 
turning point between a dMinctly crystallised ftietal with a 
glass-like or conchoidal fracture, an<f a strong metal* not 
brittle; and tfiat 21 to 7 melted (which it was stipu¬ 
lated «th§t this bell-metal was to be for other reasons also) 
was {)erfectly safe. At tho^^same timq, Dr. Percy, of the 
, GoYqmmeu!/ School of Mines, was kind enough to analyse 
fbr us some bits of Old ^oin of Lincoln Hid some other 
old,'bells, which^Mr. Taylor ihd I happened to have*, and 
the prt/portion ®f copper in them was barely f of the whole; 
and t^ published analyses of some great French bells 
which were melted into cannon in their first revolution 
give even a higher quantity of tin: in short, the West¬ 
minster ^ is not a less, but a greater proportion of copper 
than was giv^n by any of those analyses. Several autho¬ 
rities in books give.eveu 3 to 1 as the best composition for 
large bells. • , 

There was therefore every possible 4 nrft?ri reason for 
being satisfied that the' ^ miztur^ a perfectly safe 
one, if it was ouly^Souu^ly^ast; and me same conclusion 
is amply confirmed by experience. For there are the 
Westminster quarter-bells*’themselves, of the same com¬ 
position ; and '^ugh they have not been long at work, 
havhkff being stopped by the secretaries of the Board of 
Works out of sympathy for the hour-bell when it cracked, 
anybody can loll by fiWng them that their metaf is totally 
afferent Jf^om the brittle sound-bow of Mr. Mears’s beU. 
Several other bells of various sizes hai*? now been at work, 
for three or four yenrs^ bdth as ringing and clock bells, of 
the same composition, * Moreover it happened that the 
SinUllest quarter-bell was at first ca^t rather too thin to sound 
proper note, and consequently had to be broken up and 
reca8f;.aiid%ll Messrs. Warner's smiths and I tried in*wain 
even to*’crack it with their lar^st hammerfi, ap^ it wa'4 only 
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broken at last bjr laying it down and breaking through t^e 
thin pari from the inside. It is evident therefore, tliat this 
pretence of the piiescribed composition being too brittle 
h|S no foundation whatever, either iii the history of old. 
bells or exferienco of nev omls, and was only invented 
ex fast facto hi the hdpe of withdrawing attention from the 
miscarriage of the casting. ^ ^ • * , 

A now desi^, or section, or sweep (as the bell*Yoimders 
call it), had to be m^de for thi| second bell, because it was 
of course intended to be, this^tiifte, of no mote thaj^ tlio^ 
proper thickneis; and the dinmeter v^as consequently reduced 
from 9 feet 5^«inchea to 9 fe&t in order tp reproduce*,the 
same note, a rather sharp E natural, to agreeavith the ^liarter 
bells which had all been cast tlieii. 1 al^ made alter¬ 
ation in the shape, which was an evident improvement in 
appearance, and 1 think it also produces a better sound. 1 
sh^l describe hereafter what 1 now consider the standard 
pattern for hells, which again is slightly different, and ought 
strictly to he called the Doncaster pattern, rather than the 
Westminster, as the bells ctf Doncaster church were the 
first peal madcffr^mi it. The Leeds bell and the recast 3rd 
quarter bell at WestAinater are also from that pattern; 
not that an ordinary observer i^uj^d pdl^eive an^ difference 
in the shapes of all the five broils now’, though the difference 
of the first Big Ben from the second was visible enough. 
The height was reduced to 7 feet 6 inchefff^hich will s&ve 
an enormous exponsd in taking up a new bell, as 1 ^ave 
already described a# p. 351. The sound-how is 81 inches 
thick, and ,the thinnest part, Aear tlTe top, 3 inches. ’ The 
note came out exactly in tune with the great qyarter 
and two of them would have required tuning in any case, to 
make them agree with the othei* tw«^ and so that part oii 
the business was at any rate successful, aud to secure a 
now hell of the proper »ote again there is nothing toTTS^ 
hut to copy this one exac% in sbaj^ and thickness. 

Tllte bell was cast on the loth of April 18585 Bofc fn my 
presojice; ivw hftd I anythifigmt all tqdo with it,Hjeyond 

K 
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aiib^gesting tlie mode of blowing in the hot air to dry the 
mould. Mr. Mears told us that lo tons of the metal were 
iA one furnace for 22 J hours before the casting, and the rest 
for different shorter periods ; and that it took 20 minutes 
to fill the mould, into whifeh the metal was i^uii through 
open channels from the furnaces. I leave tliose who nave 
experioncGfin large castings in bronze to judge- how far thosft 
unusually long periods for both operations are likely to 
have" afiected the result. The bell taken out of ‘the 
jnould, it was said, on the 24111 of April; but neither of the 
referees had notice that it was ready to be seen until the 
lotli of May, ailthough I had particularly desired Mr. 
MearS; both bc-^bre and after it was cast, to let me know 
as sopr as it -yvas ready, and he had promised to do so. 
What was doing iu that interval of 16 days, his counsel 
has been kind enough to teH us. I went there imme¬ 
diately, and Mr. Taylor went a few days afterwards. 
When I first,aaw it, the hell was ‘trimmed * (the meaning 
of which he has also told us), and hung wiili a light 
temporary cla])})or for sounding it. 

I examined it carefully all over, speci^Jly^dth the object 
of looking for holes on the surface, which are the only 
visible indications*'“of unspundness, tuougb it may exist 
without them. I could fipd none, for the very good 
reason, that they had hcefli filled up with the cement of 
reSin and hellftijTigs, which Mr. Mears’s counsel described 
as regular and proper thing. He also gave me a piece 
which he said had been cut oil' from t!fe sound-bow, where 
tjie hot air liad been blown in, and the piece was very good. 

the -whole beJl had been like that, it would have been in 
reality Mhe magnificent casting ’ which it appeared to be 
<»wben trimmed up * make it look better,’ as we learnt 
•from the same candvt exposition. I do not mean to say 
libat it ever approached the quarter bolls, or even the first 
great bell, in smoothpesa of surface, or w'hat is called 
cleanness 6f casting: but that has nothing to do®with 
intcmsJl BoundnesB, At tlw ^me time it should he Known 
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that a smooth and even-surfaced bell is better than a ro^h 
one: small bells are known to be iu^roved in tone by 
having their surface turned. Por that reason too, ornaments 
on the surface are objectionably and X refused to allow ony^ 
except in very slight relietf ana aear the top of the belL 
f heard it struck with the ^ight clapper at the foundry, 
and the soudd was good affair as it*weut, and frea from 
that peculiar buzz which it acquired afterwards, *and which 
some persons fancied was frem metallic contact with the 
iron collar: a theory to wliiqji tlierc is one father tfitrong 
objection—<^hat there never was any sucii contact, ^eihg 
that the collaf was packed with ‘rope-gasket* between it 
and the bell top, as the people who wrote in the newspapers 
about it might easily have ascertained if they klsed. X 
have no doubt that the buzz in both the bells (for the first 
had it still more), was freftn that natural internal crack 


which I have spoken of in the first, and from the external 
cracks in the brittle surface of the Roeond, Avhich probably 
began long before they were accidentally discovered. Xt is 


clear that a bell does not acquire the well-known sound of 
a cracked be!f 4Qitil JLhe continuity, of the metal is com¬ 
pletely destroyed, that is, uutil there is a crack right through. 
Indeed, Professor ^Tyndall rejipr^ to* the Boajd of*Works 
tliat the 6 cracks in this bell have not yet af^ec^e^ its tone. 


I can understand a person of little or no experience in bells 
not perceiving the jarring of the orack^'*^en it is struck 
with the full force of the clock-hammer. But it is ejfrious 
that tins Ijghter it is struck the more sensible the defqct is; 
as perhaps Mr. Cowper and his adfvisers will learn by 
time they have made that alteration of the cloak* by wBleh 
they expect to ma^le a large^ cracked bell speak like ^ 
smaller sound one. Poiosity^as^§bbmewh[fl similar effect 
to a crack, though distinguishable* from it. Some people 
will have it that Tom tof Oxford is cracked: I am piSly 
sure it is not: the large, holes vivble on tli« surface (tlie 
mocfel of which Mr. Mears^or Mr. May ihe*engineer for 
him^prodDced in couit as a ^roof of Ihe ummpoftance of 


a ^ 
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hQ(>.es in bells) are quite enough indication of unsound- 
ness to account fox' the unparalleled badness of the sound. 

‘The bell was sent to Westminster on. the 31st of May, 
,1858. Thenezt day I was surprised to find that it bad 
been painted (I do not meah with oil-paint, bul with some 
wash containin'g muriatic ^acid) a sort of bfonze colour. 
Some persons thought thisr rather a suspicious proceeding 
at the'time; but although I told Mr. Hears I wished he 
had let it alone, 1 did not *hink it neeessary to make him 
'•lean.it off, because I befieved that Mr.. Taylor and I had 
ah'eady seen the true surface of the bell at the foundiy. 
But he gave us a little more information abbut this at the 
trial, which of course is to 'be received as credible, so far 
as it is/a confession of one of his own intended witnesses. 
It appears that the person who suggested this washing or 
bronzing operation to Mr. Mbars, and did it for him, was 
Mr. Jabez James, who made Sir 0 . Barry’s clock hands; 
and that it was done, like the filling up of the holes, * merely 
to improve the ajipearance of the bell,* by hiding some 
bright places where ‘fins ’ or eicrescences'had been cut off. 

This was not the pnly service which ^os'^fionfessed, first 
in a letter from Sir C. Barry himself to the Board of Works, 
and afferwjprds by Mr! Meirs*”^ counsel, thhave been rendered 
to the fiell by this same Mr. James, and the clerk of the 
works there, Mr. Quarm; fdr it was they who filled up, not 
with resin but zinc, another hole, which was also found 
by Dent’s men, much larger than those first discovered 
ones, which Mr. Mears’s admirer, the sub-editor' of the 
described as being ‘ no bigger than coffee-beans,* and 
tfecTcfore* quite itiJrignificant. This was an internal hole 
or blister, of which the shell was accidentally broken in by 
the chains in hoisting t|;ie bell, and these gentlemen quietly 
filled it up with zinc, and never said a word about it either 
ilothe referees or the Board of Wtrks—until it was found 
out—‘because they kn^wit was of no consequence.* No 
doubt too they knew it was of no consequence, and indicated 
nothing as to ihe.soundmss'of the beli, that from the 
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bottom of that large hole there were bther small ooes 
nmning deeper.^ And we know that thay all think nothiig 
more of the porosity which is now visible on cutting into 
the bell, even where it is apparently sound. It would be 
rather inte|e8ting to see a Jbell^^ast at Whitechapel (if suctf 
a rdiacarriage ever hdj)pens there), which Mi. Hears and'his 
friends do really consider unso|flbid. • * 

The great bell and the four quarter bells wertf all tried 
together on the i8j}i of June j858 by the referees, with the 
assistance of Mr. ^urle, the or^nifet of Westminister Abbe^ 
and various other persons. There were some smalt oppn 
holes in the tip of the 3rd of E quarter bell,‘and it-was also 
thought by the musical judgesnnferior to ^eothers^ki lone, 
as I have no doubt that a porous bell alwa;^s would Jie found, 
whenever there was an opportunity of comparing It with 
sound ones of about the same size, wliich unfortunately 
there is not with a single very large bell. Moreover, I had 
learnt from the breaking up of the first great bell and othei 
castings, that external porosity is an almost certain indica¬ 
tion of something worse within. The aforesaid Mr. Quarm 
and Mr. Janl^^eing present, I asked their opinion of the 
bell, merely as a question of casting*and they both thought 
that it was not onfe which ou to bb*passed. IMv. Hears 
was also present, and notwithstanding his coniflction of the 
insignificance of holes, he did not say a word to save Messrs. 
Warner’s bell from condemnation. liniiloubt he thought 
they had been ver/negligent in not * trimming ’ it properly, 
and deserved to suffer for it. • 

This concurrence of Mr. Hears find his two supporters 
at the rejection of Messrs. Warner’s bell with sqaaller 
than his own, and in a much less importanl place, was 
naturally felt by his lawyerf'as a»<3ilemma, which, to 
the least of it, required explafis^iion; f^d this was the 
explanation hit upon ^—Inasmuch as the great belh"toa8 
twice as large as the ^ondemnqd small one, the Kbles in 
tint were larger in proportion, it was sai^ thaufgh fhey 
were abaoTiutely smaller. • They were not* so in fact, but 
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never mind that.' Moreover' the holes are on the sound- 
boW of the great bell, but were near the tpp of the other; 
but never mind that either; for this plausible piece of 
nonsense admits of an answer not to be aiiected by any 
Amount of ceuntcr-swearing as« to the relatiife size or 
posiidon of the holes, i^or if this n^w theoiy of metal¬ 
lurgy is to.he'adopted, wlj^i^ust adopt a now table of 
specific gitavities to suit it, which should be called the 
Wesiiuiiister table, indicating the varices proper densities 
of the same ^etal according to the size of the mass that it 
belongs to; and before a piece of any casting can be pro¬ 
nounced sound* or unsound, wb must be infoimed whether 
the masu was iqp or 10,000 times as large as that. I 
wonder -v^hat Lord Bossc would say to a 4 ton speculum, 
which tte founders and their friends insisted was a good one 
because it had only holes in it not quite 1000 times as large 
as in a good one of 9 lbs; or whctlier large guns are allowed 
at Woolwich to bo twenty times as porous as small ones.* 

There was another remarkable proposition respecting 
porous bells stated for Mr. Mears in courts and previously 
by the aforesaid Westminster clerk of tb^'^tvorks in my 
presence. Ho said, ‘ you may have fifty,bells cast before 
you will* get a helterw* a p]ea|iug prospe^jt truly, consider¬ 
ing that we have hitherto’ hai a great bell to cast every two 
years since 1855, and have not yet got a sound one. The 
other, way of stsnviig the same proposition was, that all 
largo ^ells necessarily have holes in thum, and that they 
cannot* ho cast without; though Messrs. Warner’s -large 
bell bad none, except near the top from the accidenj; 1 have 
dttei^y meiybioned. However, as Mr. Mears instructs his 
counsel to tell the public that he cousidea^ it impossible to 

■■ , Mi, 

* It bhould be uno&rstood iii all these copper alloys there is some 
polity; but in good metal it is only visible with a magnifying glass, and 
I nccd'not say that is not the kind of porosity^ am talking of. There are 
above forty holes in the snrfaoe of this bcU, varying from ^ to | inch in 
diambter ; much^^ss than that,' according to my exiierience, would bean 
infallible indication, of still more porosjty inside, and ,<‘very cut that has 
been made rfiveals more of it. • 
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cast bells without holes, oud that it is th^ regular tiling at 
his foundry to s^op them up with resin, .lam not the l(£st 
disposed to question it, or to believe any longer that this 
hell is at all worse than he himself eipected it to be when 
he took th8 contract. IndeediAt is not so bad as the Yorlil^ 
bell, except/for the*unhomogeitf|||||||pess. »I cannot speak 
of tho composition of the ^MdSimPl •one,*but. I shall be 
very much surprised, from tno sound of it, if,*it*is not 
found to be equal^ full of hples whenever it comes to be 
thoroughly examined; aud the 3 k>yal Exchaijge clock-hell 
Was more porous and still ^vorse in sound than this. *Tojle 
sure, it wouldfhavo saved a '!fhst deal of trouble aud e^ense 
if ho had only told us all tins before In^ got tlie «eutract, 
instead of two years afterwards. Aud 1 do not think any¬ 
body w'ould have guessed it from the letter which lie WTote 
to me after the casting of the hell, saying that he ‘ had 
‘no doubt we should have a lirst-rate easting, witliout the 
‘ beauty-spot s of the former hell.* Ilowever^iu future it will 
be a fully understood condition of his rfontracts, that holes 
are to be alloi^ed, provided th(*y are no hjj'ger than those 
in the OxfortVjj^ll; and that an excess of tin or deficiency 
of copper in the softnd-how is alsb to be admitted as a 
common and niuA'oidable incident ^ casting, aiul is no 
ground for rejecting a bcll.^ • 

J was curious to see how the other founders would take 
this public declaration of the inipossibiti'jjkof casting homo¬ 
geneous and solid bells, and whether they would agrc« that 
resin«and bell-filings are as good as solid metal. AFessrs. 
Taylor ^ Loughborough wrote to me, and also to Hit UJime^ 
to potest agauist those statements aud some others, 
they considered a»eflectiou by Mr. AJears oii\hem au(f all 
the other founders. Their fitter wms noti^nted; and 
wonder, seeing that the Tmei vouHfed lor tho sound¬ 
ness of ‘ Mr. Mears’s magnificent casting,* even after ihe 
discovery of its defects had begun. Messrs^Warueiftook a 
different line; and their fetter was printed, anat/inl^ fnry answer 
to it supfressid. They tUbught it was a gbod opportunity 
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to lift up their heels and insinuate that I had cracked 
their bell; and they i^ere content to accept in silence Mr. 
Mears’s statement that the casting of large tells without 
holes is impo&sible, though they have themselves proved it 
to be possible. It would doubtless be very convenient for 
them if they could ge^|||e public to believe that porosity 
is uuimportgiiit, if nqt^iPPliable ; for then, whenever they 
have the bad luck to cast unsound bells (as anybody may 
sometimes), they would escape having recast them into 
fcound ones their own expense, as they did the condemned 
qiyirter bell, and another which I had condemned before. 
Thert -will be no difficulty in getting sound wad goor^ bells 
if peoplu will inexorably reject bad ones,* as they^always 
may if they \vill make proper contracts, and enforce them 
rigidly. Mr. Mcars may decline to cast on these terms 
if he thinks them impossible ;• but there are at least two 
other founders who will not decline. 

^hen his bell was sent to Westminster, he begged that 
*it might not be knocked about with the clapper as the 

* other was: * rather an odd request to make for a thing 
whose only business in the world is to be, kt^oeked about 
with a clapper. However, in consequence of the com¬ 
plaints of persons in* the n^hbourhooii about the noise 
of ringing tlie first hell for a quarter of an hour a week, 
Mr. Mears’s request was unfortunately complied with. If 
it had not, we slMud have learnt the good qualities of his 
bell before instead of after it was hung; for I have no 
doubt 4 ihot ail hour’s ringing with the clapper w'ould have 
cracked the brittle crust* of the sound-bow, and thgt would 

led to the diBco>cry of the other defects, as it did 
afterwards. ' « 

* The bell frame. Tbo hells* jvere taken up the tower soon 
after the recast' j 3 ‘bell y^s delivered by Messrs. "Warner, 

great bell was hung soon aftqr and tried in its place 
with tiie clappjDr in November 1858. The bell frame is 
made of wrou;mt iron beams resting on cast iron stnSts 
standing on the tower waUs. . I*'had told the clbrk of'the 
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works long before it was finished, that it would retire 
some diagonal*braces to resist the olfiique action of the* 
great clock hamther, which must reach the frame some¬ 
where, Put the Westminster architects and engineens 
kiipw better: they vere Convinced that the stifiiiess of the 
joints wouli be enough. It yill' not do Jfor them to say 
they contemplated the bell being himg differdn|ly, for tlie 
iBode of hanging had been settled since 185^, aqd Mr. 
Jabez James had ^ade the^coljar ready for the first bell, 
and also the shanks of the clock hammer, 'vifiicb was than 
too expecl ed to be not 7 Jut 13 cwt. The first blogy with 
the clapper, before any clock hammer was tried, seteled the 
questiSii of the frame; and as the repotter for the 'IKmes 
then said, * the necessity for increased supports at once 
apparent.* The attempt to account for not only the 
shaking of the frame, but for the defective sound of the 
bell, by the rigidity of the hanging, was a later invention •, 
which rather unluckily was not propounded until after the 
bell had been loosened, iq the vain hope of thereby pre¬ 
venting the \ibflation-of the frame. And it is an amusing 
specimen of iSlftiilibili^y, that whep the Times was loudest in 
praise of the sound of the bell, itj^ was screwed up the 
tightest; and when they and ^leir foUowers dO|plared it ^ as 
spoilt by being screwed up ti^ht, it was much looser in the 
direction of the clock hammer than any jjhurch bell in the 
kingdom is, or cap be, when hung in the usual way.. But 
whatever else may he effected by getting stories gf that 
kind published, they will not stre^then bell-framos; and 
so Sir 0 . Barry and his men at last set to work to da ih** 
with^ron braces instead of newspaper articleB,*jftid finfShed 
it in five monthd^ doing tj^qn as ^uch more than wan 
required for the purpose, as thgy.hafi bo§j?^don^too littfe. 
However there is no great harm Ih that, beyond the wajta*. 
of money, which is probably a small item in the two millions 
and a half spent there. • • V • * 

Clo«k-^amtner. l\{r, Meara*s anxiet^hat' his bell 
‘might libtr be knocked about with the clapper ^before it 
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wac hung,* naturally extended to the clock-hammer, which 
he requested mighl not he above 4 cwt. * 1 should have 
thought ho must know that it was ridiciilous to expect a 
hammer of 4 c\it. to answe;^^ when the clap])er ,of 6^ wac 
evidently not top large. Cldck-hammcifs alway^s have to^be 
heavier than clappers, to piake the boll sound properly 
(which 9 out of lo do not, Ixscause t^e clocks are too w'eak 
to lift/them), inasmuch as they onl^ fall a few inches, ai>d 
are checked by a buffer^ or* spring to‘prevent them from 
I'ying on th& bell, which would spoil the sound; though 
th'ey^pftcn do that also from ^.he springs wearing out or 
gettwgjoose. However, to satisfy Mr. MeaiS, I began the 
trials with a 4 aiit. hammer, capable of being increased by 
‘ shifters*' to nearly 7. It is not worth while to go through 
the details of the experiments, which wore carried on for 
several days. Mr. Hears could not help admitting that 
neither 4 nor 5 nor 6 cwt of hammer would produce a 
sound equal to* that of the clapper, witli even a higher lift 
than we have got. iBcyoiid a certain point, I may observe 
that an increase of lift does no goodj though of course the 
force of the blow incroas.es as the B^jiuarir rSot of the lift, 
except BO far as it is,^educed by frictioi^ and the inertia of 
the shanks ^nd levers, as Ct very materially here. There 
are always some particular weight and lift of hammer that 
suit a given belj ^h ^tter ihan any other, and they can only 
be determined satisfactorily by experiment, or by pre\ ious ei- 
perieqee in a similar ease, as they vary for hells of diiferent 
sbapC) thickncBS, comppsition, and soundness of erstmg. 

^ < Jt was at last agreed, after trying them both 'near and 
at'^ume di^ance m the Park, that a hammer of about;? :wt. 
^^'fted 13 in. obliquely, or at^ight angles to the face of the 
b'eU, was better Lilian any«otber; and the permanent hammer 
, and the lever^ adjusted accordingly. Mr. Jabez 

Jamec, who made it, stated in a ] 5 aper read at the Civil 
Engineers*, tlj^j-t it was 6 cwt. 3 qn.. 10 lbs.; and indeed^the 
size proves l^iat it cannot bo mope. On uccqunt of its teing 
fixed more obliquely than usual, the actual pres^re of*the 
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hammer on the bell or the buffer-springa,' when at rest^ is 
under 5 cwt.; or, what ia only another Vay of stating the 
same thing, 13*in. of oblique lift are equivalent to little 
more thai^9 of vertical lift; imd 9 in. fall onto the buffer^ 
leayes lesa vMocity g,nd n^omdfitum of the hammer on. the 
bell than if & fell 7 in. without^auy buffers/ A clapper has 
a long run at the bell and has «lo buffAs. A ball^of 7 cwt. 
w>8 dropped onto thi? first bell to break it ifp, liot 13 
inches^ but 24/ee^jiperpendicfflar and free, and it bounded 
off without even sjracking th* bell, and a 24 €vvt. b^l ha^^ 
to be used; which is anotj^er pretty stioiig ])roof of tfio 
toughness of that composition when cabtrf»ouudly. *1 
Thetlracks. The clock begai^ to strike in July 1859, 
and Mr. Dent’s men found tho two prinqipal cracks in the 
bell on the 28 th of September; and in exploring them with 
a steel pricker they made the first discovery oj the filled 
up holes, three of which were coincident with one of those 
cracks, and a cluster of others near it. JS^o ciher defect was 
then discovered or suspected, except the unsouudi2e.ss indi¬ 
cated by those lloles tho surface; for aithougli a great 
many holes as^rgo 0^ most of tlic^e niiglii exist on the 
mere surface of a hell of that size ^without doing much 
harm, a very few sdeh holes f||n •the ^rface a* certain 
indication of there being cnany more below tho surface. 
And accordingly the very first cut tliat was afterwards 
made into tho bell,.oven at an apparentTy'sound placcj dis¬ 
closed a slate of iulernal porosity wor&e than any that 
appeafedion the surface. ^ 

Besides this, the position of much the largest crack jo^ 
oll^x^ved that it had come from some internal dcfectf and 
not from tho mere*forco of hlova^ for instead of beiqof 
exactly opposite to the hammijr^p?* at iy;iJlrco oT greq^iaet 
vibration (as the sub-editor of tlte Times witli bis usual 
accuracy asserted), it Happens to be exactly at a plqje ^ 
leagt vibration (as Proftssor Ty*daJl B[)cciirily noticed in 
his report Ao libe Board oJJ Works), where, ni beif in the 
wofld e>er* cracked or can crack except from Jongenital 
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ux^oundnesB. And therefore, when I heard of the discoTery 
of the holes, and fho cement in them, and*the cracks near 
to and coincident with them, and the iargei^ crack at a 
point of least vibration, I h^d no hesitation in ^publishing 
my .opinion that the bell wm ‘ congeiytally ur^sound * (and 
BO it turned oiij to be, ev^n more than T then supposed), 
and that^the porosity was thencausj of the cracks, which 
turned out wrong, because there wart-something worse, 

I immediately wrote to inform the Board of Works of this 
pleasf^t di^'overy, and Ihey immediately acted with their 
usual energy and intelligence^; and I may add, with the 
usual epnsideratien of G-overnment Boards A>r people who 
liavc been doing for them^for years, gratia, the work which 
they -vwi e confec'sedly incompetent to do for themselves. 
The first thing they did was to order Mr. Dent to stop the 
striking of all the bells. I told them there was no reason 
for stopping the quarters; hut they knew better: or per¬ 
haps the pleasure of stopping anything was irresistible. I 
only woflder they let the clock go at all. They did lock 
the clockmaktTS out of the tower and stopped the comple¬ 
tion of some things whiph another ^fortni'gfit would have 
finished, and only allq^wed the men to go up once a week to 
wind the gopig part hnder<the supervision of their own clerk 
of the works. And neither wilth that escort of their own 
officer, nor u ithout it, could T get leave from these potentates 
of the Board of “Vorks (Mr. Fitzroy hipaself being then ill 
and d^'ing) to see the cracked bell at aU for more than 
six wyeks, notwithstanding the pendency of Mr* Mears’s 
^elioii, whose object of course was to prevent his kelj being 
prated to^ he unsound, and who resisted as far as hc/^culd 
^ery proposal to ba> 'e it fairly investigated. It will be 
sae.p pre^ently»4ibat if tjxe. Secretaries of the Board had 
^ acted as any man of sen'oe would act in an afiair of his own, 
tTiey ^plight have learned that it Was unsound in a week 
after it was e^facked; and 1 necdoiot say what they ought 
to have don^in that case. It tqok nineiiday^ more after 1 
first saw’ the bell, to persuade them to have Mr. J&hez 
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James’s blue wash rubbed off, and the trie surface of the 
metal exposed cleaning it with sulphuric acid: after • 
which T counted *40 distinct holes, from to f inch ^n 
diameter, ]}esideB several clustej^s of smaller ones, which ha^ 
all J}een hl1c(} up eitl^r wi^ th^ resin and bell-filings, 01: the 
zinc before described. And it was not for two months after 
the discoverj of the cracks* ana hole# au 7 cement, that 1 
Wfis permitted to cut fff from this cracked and pibrofts bell 
of 13J tons, a bit ‘not exceedhig an ounce,’ to be analysed; 
and even after ik was analysed and proved kb be b|>d, tl^ , 
Board of Works still abso|jitely refused both my applica¬ 
tion, and the Suggestion of their ovn exgminer, Dr. Ijercy, 
that tffe bell should be further cut into to the dep^ of the 
cracks at least. One might almost suppo^ that they hoped 
the cracks would heal up of themselves if they were only 
left alone; and perhaps that is the true reason why nothing 
has been done yet towards getting a new bell, which might 
easily have been made and at work again by«this time. 

At last I got tlie ‘bit not exceeding an ounce,’ and Dr. 
Percy got another bit, and Mr. Hears another, all cut from 
one of the ‘^res’ or ornamental j rings just above the 
sound-bow, and at a place which appeared sound externally. 
The cuts e^y^ndd^ about 1 ^iiu^hes, *and wh^ tl!py wete 
made they (fl^layed internal porosity for neany the whole 
length; thus confirming the judgment which I formed as soon 
as 1 heard of any superficial holes being cfiscovered. But 1 
immediately saw that there was sometliiug worso still, and 
that ttied^omposition had altogether miscarried. Alid the 
several acalyses, of one bit by Messrs. Johnson and Matthev^ 
thcMi^sayers, and of the other by Dr. Percy, amply confumied * 
that view. But fifti I bhoult^ ment^n that, besides the^ 
pieces from the sound-bow, iJr^ Jeft|y hadySnotllbr bit^jut 
from near the top! of the bell; find tKSt piece does not 
deviate materially from*the prescribed composition, buf d^STI 
fall 5 per cent, short of J)he minimum specific gravity (g*8) 
prespribed.by Jheieontract^ while that of Meswre. Warner’s 
belk slightly exceeded it, botlf at the tpp ani thel^ottom. 
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Pho a&alyBes proved that, instead of the bell being 
tbrougbout, according to tbe contract, one of tbo 

fiits. from the sound-bow i^ronly*—, and Ibj •other 

1 * » '■7 

while the bit froui theutop is In other w pi ds, the metal 

on thei* cracked sound-bow wants fi4m 33 to 46 lbs. mo*^ 
copper to eveiy i cwt. of |in,*to make tMte bell either homo- 
geneoTts, or 5 l* the prescribed composition. So after Mr. 
Mbars and his allies had been labouring for t\vo iiionths to 
get up n’’oofs, and'^vere evidently going to swear, that the 
bell had ciacked* because the prescribed composition was 
too near fhe turninj;, point of brittleness, it turned out that 
he had himself contrived to make it very much beyond 
that point, and so brittle that it was quite certain to crock. 
Dr. Percy also sent to the Board of W orks by way of con¬ 
trast, the anal}’^is of bits from the top and the bottom of 
Messrs. Warner’s b^l, which was nearly homogeneous and 
deviated very little anywhere from the prescribed composi¬ 
tion. It will not ava*] Mr. Hears ,^o saj^'tlmt the bits 
which were analysed,were only from the ‘wires,’ and not 
cflb out of tbo body of th(rscrJnd-bow; for i 1 y||as his own 
fault that they were not: he was asked to toiicut in an 
application to the^Bnard to cut farther after those cuts were 
made^ and he rcnised. Moreover, other bits accidentally 
chipped off the edge of the bell show just the same brittle 
kind 0^ fracture, and the sound-bow has been trit 1 With a 
all over and is everywhere as hard as where the bits 
wertf cut offi'and much harder than at the top, whe»^iho 
(rmposition appears ti^be right, though the specific gravity 
is‘'^''ong. « 

*’ rrN^ body can have had any real doubt after this discovery, 
whatever ho might choose to say, iTiat tbe miscarriage in 
the" corppositi !?n, and the conseqiient brittleness of the 
sound-boTj;, was tbe cause of ^tlm bell bc*ing cracked in*five 
or six places. But i., must be added, that if the boles "bad 
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not been eoncealed, and if Mr. Hears bad Resisted the CQp* 
demnation of tl»e bell on that account*as he very likely 
would, and had bn)ught people to assure us that porosity 
was of no ponscquence in his b^ell, whatever it might be ii^ 
Megsrs. Wariler’s, I ^houlS at^nco have dared him to.cut 
into it to the- depth of the holes^as I did wl^n I condemned 
a previous bell of Messrs, "^^nter’s; afid we know that the 
veyy first cut would h^e revealed two things, a% it* did a 
year and a half aftetwards:—first^tho still greater porosity 
below than at the surface, aad secondly, thil othqp an^ 
more fatal deflect in the composition. A 'id so it is the fatt, 
that although %he holes did not cause the*crac‘kB, the defect 
Mihich did cause them would liave been diacovcrecl* if the 
holes had not been concealed; or else the«condemfiation of 
the beU for porosity would have settled the question 
without further discussion, and it would never liave been 
hung to crack. 

Mr. Mears's action. When I first aniwuiiced to the 
public that holes had been ^discovered +lie bell, tilled up 
with an artificial cement, and that the rel^nces had no 
idea of the §!SJ!stencp of such Jfiojes when tliev passed 
the hell, Mr. Hears replied in the ^imes witli UTrn most 
unqualified contrc^tlon, and% enforced it wit|i thb state¬ 
ment tliai he was going to lefutc the calumny, and vindicate 
the soundness of the bell, by an action. liave no hesita¬ 
tion in saying now, what 1 suspected *b?tbre the bell was 
cut into,—that if the Board of Works had done their duty, 
and lifid «l complcde examination of the hell made once, 
(which, according to Mr. Oowper’s*own account, they have, 
no 4 i fUpnc even yet), no such action w'ould haw gonie«on, 
and the tables woiiJd have beep turned on IMr. Hears, 
it was, he was persuaded by^iis,§dfiser^,^?rer He kng^I 
had got the .lualysis, to retire without a verdict, and with out 
getting, but on ilie contrary, h(*ing distinctly refused, if e ?e- * 
tractation of that statement whidli both ho %ud his couescl 
declj-red tc^bo ‘.tni sting of the libel,* viz., tli^lrthe*bell got 
passed the hol^ being edheealed.. But his persistence 
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up^ to just that^point did Bomethiog more. His counsel 
had to expand his * unqualified contradiction* of xnj 
pilblished statement about the bell into an explanation of 
Jir, Mears*s theory and practice of bell-founding and beU- 
triroming. And in so doing* he &ad tq make ^hc following 
remarkable avowals 

1. That there werb holes visible in the souhdbow of the 

bell when the mould was cleaned off.^ t 

2. That they were filled up with resin and bell-filings 
hefore^the referees saw it, * tQ make the bell look better.’ 

'3. That it is the regular praqjiice at his foundry to do so, 
if ha'or his men oonsider the bell a sound one in spite of 
the holes. 

4. That he conpiders the still larger holes in the Oxford 
bell, of which holes he produced a model and map, the proper 
measure of what ought to bo allowed as insignificant 
porosity. 

5. That the Westminster bell is also porous below the 

surface, in a place apparently sound, viz : where the pieces 
were cut off. » 

6. That there is alj 4 ast one ii^ternaKhole, besides; 
\iz. that large one which Mr. Qiiarm and Mr. Jabez James 
filled up witji zinc, \i'itli siual^ holes runiiing out of it. 

7. Tliat it is impossible (t.e.,t>of course, for him) to cast 
bells without holes as large as those in proportion to the 
size ef the bell. ^ 

8. That ‘there is a slight excess of tin at the bottom of 
the beU; * that slight excess being such tiiat i pound or 

^ cwt. more of copper is required to every 3 of tiu to bring 
it the «p]*eBcribed composition, or to make the^feeU 
homogeneous. a. ’ 

iQ.^Thatf tlii»^o is iio|;hing uncommon in Mr. Mears’s 
^experience, and, in his opinion, is of no more consequence 
(nan (he porosity. 

Such was th^ end of Mr. Mears’p ‘ unqualified contradic¬ 
tion ’ aifd determination to go on for ei[ he^ a retractation 
or a refutation of my statem6nt^ that tl^^s unhomogeneous 
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and porous and brittle bell got passed b]Atbe holes bei^g 
filled up'With his resin and belbfilings. If any one is 
surprised at a bell-founder and his counsel going into 
epurt to make such confessions as these, he must remembei^ 
that they had^left themsel^s n/alternative, except the still 
more awkwafd one of avowing that this bell was worse 
than Mr. MeSxs had ever n^d#* befor#—nToro porous and 
more imhomogeneous-^that he had never stopped up 
holes before, but did so thi» time for fear the referees 
should reject it. .Siich being ^ho* necessary aMemathres if 
he* was to say anything, perhaps he would have done moire 
wi&ely to say iiothing, and lie content Tgith the le^r I 
wrote to him and published, *as soon a» T had got the 
analysis,— saying 4 hat I was now satisfied that the holes 
had not caused the cracks, although they would certainly 
have caused the rejection of the bell if they had not been 
concealed from the referees, as he after all confessed they 
were: the cracks being really caused by a stiU worse defect, 
of which I had no suspicion till I saw thb b<^ll cut into. It 
is only neccssary.to add, for* the information of those who 
were naturally^itorprised at it, that ^he withdrawal of the 
plea of ‘justification' was only the legal consequence of the 
discovery that the (Mcks were to a*different thdugh a 
worse defect in the bell, than that to which I had attributed 
them. Tor it is a rule of fhat mysterious branch of 
common law, called ‘ special pleading,^ that if any fact 
alleged in a so-called libel turns out different from, even 
thougli^it^may be infinitely stronger against the plAntiff 
than whaUwas alleged, it will not support the plea of justly 
ficaUpu. I understand that the folly of this rule* has bm 
publicly remarked oi! by judges, ^but itretill exists, probablj^ 
waiting for a more sweeping raoriy^^lftne day 5 ^ * . • 

Official report on the bell. Mr.^Cow^r, the preseni 
Commissioner of Works; was asked for an account ofihr 
real state of the bell in thp HouselQf Commons, on the 7th 
of March, after heahad received the reports dfJDr.-TPercy 
and JJt, TjmdalJ,*wl^ had bSenf appointed to mvesftgate it. 
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H;ei auBwer was^' that there were 5 or 6 cracks in it, and 
that they had been caused * either by the hammer being too 

* heavy for the tenacity of the bell, or *tho bell being too 
r brittle for tho hammer, but he could not say which.* 
This profound scientific dfdcovery was receiJ’ed with the 
laughter it deserved, the House of Commons probably think¬ 
ing that any man in 'uho street ftould have told them about as 
much as the Commissioner of "Works/appeared to have learnt 
from the reports of his two scientific rtfferees. It certainly 
is cuaious wkh what ingenuity the official mind contrived to 
pick out from the whole of the^ two reports, just that one 
sentence, which^ professing to enuntiate -an important 
practical conclusion, disclosed absolutely nothing, and to 
suppress aliogetlier the conjecture in one report, and the 
positive statement in tho other, of the really fatal defect in 
the hell, and the ascertained cause of it. It may or may 
not have been a very scientific proceeding to report at all 
upon a casting of compound metal upon conjecture, when 
it would have been so easy to make it certain by analysis, 
which I had got, and of course D’*. Tjudall might have 
got also, long before his report;^but artiil ho did con¬ 
jecture, and rightly, ^rom tho appearance of tho cut into the 
bell, ‘tJiat,, owing to the i.m^'erfect miifinre of the constitu- 

* ents, or through a defect iu cooling, the external portions 
‘of the soundbow may vary in composition and tenacity, 

* the average* composition of tho bell ’; and besides 

that, Mr. Cowper bad received Dr. Percy’s report and 
analj^is positively confirming that view of the misearriage 
9f the casting, when he told the House of Cctfnmons in 
effiwt that motlimg at all w^as known of the compositiew or 
^nuality of the bell, s , ' 

This vi'as BteS^enou^j^^ut it might be nothing worse than 
j ^^ignorance of the'subjefit. Mr. Cowper might have glanced 
over the reports to find somethiug that looked like a 
practical contlusion to quote in answer to the question, and 
he w6ul(tf-’Viiry naturally not perceivji as qipckly as the 
laugherS in the House of Commons md, that he was only 
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talking nonsense, by quoting so much an() no more thaj;! 
that one sentence* But he had lost eveit this poor excuse 
before he was put to the question a second time, on thd 
25th of April. It is a coincidence worth mentioning, that , 
just^after he%ad nojjice from % friend of mine that he 
•intended to ask for some more specific information about 
Dr. Percy’s re’pori, Mr. Co\^oc wrote* to me for the first 
tim^, asking a question ^bout the clock, on \Ahich Ms Board 
had had my opinion three timos«already, and also professing 
to want my opinion about the Ig'll, which -was tfqually»well« 
knowm, and wlych it was e^dent to me then, and more 
evident since, •that he had no intention of foUpwing. 
How evei* I answered his questions, and also told him that 
he had mis-stated-^he effect of tho reports of l«si own 
examiners on the bell, and that he ought to correct it, 
as I had reason lo complain of the failure of tho casting 
being thus supj)ressed. What then did lie do when the 
question w as asked in tho House a fpw’’ days afterwards ? 


He still withheld Dr. Dercy's report'. *e\«ded answering 
the question about theianalysia and llic brittloness of the 
hell; and look^TSpou himself to pay instead, iliat, ‘Hr. 
Percy did not consider his analysis sufficiently conclusive 
to give a definite jifligfflicnt on ^Jietchem'ieal composition of 
the bell generally.’ * 

If anybody can believe that this secpiid and more 
distinct mi&btatement of the report was*a mistake sjso, 
after reading what 1 am going to quote from the r^ort 
itself, bf ajl means let liim give Mr. Cowper’s honesty the 
benefit of the doubt, though it must* be at the expense ofl 


his iwderstandiiig. Hr, Percy begins (after meiie^ foriiiai 
matters^f by giving flie analysis,of tb^two bits from the^ 
top and the bottom of the bell,ai4lppiftrastuiJ‘Thelafter^* 
them with the composition prescribed the coutractf 
And then he soys, ‘ a difflSrenco of even i per. cent, of 
which is much less than actual* dilleronceYsee p. 374), 


* woul^ I ha^e ny d<|ibt, occasion a sensible 
‘hardAesB sCh^brittl4|ieBB of fhe*metal: no th 


le increase *in the 
that the metal of 
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* l^ie lower parif of the bell should be (as it is) harder and 
' more brittle than the alloy prescribed; \ although, as he 
next explains, it is of course impossible to infer the com¬ 
position of even the adjacent parts, and much less of th^ 
entire bell, from the analysis of small pieces^rom the out¬ 
side, when it once proved to be unhomogebeous. I dare 
say the general ojf' average ji^omposition is right enough, 
as it could hardly be wrong without deliberate intention 
and ior no object, tin beingnquito as dear as copper. The 
,;,defcgt is, that the most iipportant part of the bell differs 
firom the average or proper composition. And if this was 
not, enough to enable Mr. Oowper to understand that the 
defect'of the bell is that it is unhomogencous, - and ex¬ 
cessively brittle^on the sound-bow, because it deviates from 
my composition, I should like to know for what purpose 
he conceived Dr. Percy to have added the analysis of the 
bits from the top and bottom of Messrs. "Warner’s bell, 
with the remark—*it will thus be preceived that the 

* composition of the former bell appears to have been more 

* uniform than that of the present oyie.* . 

And let me ask one jnore question: if Mi’. Cowper really 
has been burning witli desire to have * a definite judgment 
on the' chemical coinpositio;n of the-hbK'generally,* why has 
he not got it long ago ? Hei»3 has the bell been cracked 
and silent for 9 months, and if his own account is to 
be believed, the 'Commissioner of "Works is yet wholly 
without information on what he conceives to be the 
essential thing for him to know, before he pan?* decide 
what ought to be dofae with a porous and unhomogeneous 
and. brittle, and six-times cracked bell. And he hof the 
^less excuse for this c»eglect of what he thus admits ought 
have' befetf done, bbqause* everybody who has given any 
opinion on the"'Bubjetffc, so far as I know (with the single 
^XQoption. of Mr. Hears, who hae twipe done his best to 
pzrevent it), has told higk that tl^e bell ought to be cut into 
at least te«t'ae bottom of the cracks; y^iih different objects ' 
certainly; some people thiilking the bisll would'be thereby 
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cured, and others being sure that its imsoituduess would be 
thereby confirmefl. * ^ 

On the 4th of June, Mr. Cowper had a third opportunity 
o( enlightening the public on the real state and prospecls 
of the bell.* IBtill * the inqfiiry #as not completed.* I can 
add—not begftn; for hot one bit more had been cut out of 
the bell, nor a* single hole drjllqA into it, foh the.purpose of 
ascertaining its intenfil composition. Neyerth^css Mr. 
Cowper had no hesi^tiftn in saying, 4 t does not appeal that 

* it will be necessary to abandon the use of bel]^ alto- 
^getherj but as a temporary a|rangement* (while it is 
getting well dt the cracks, suppose, and settling "^^own 
into a more homogeneous and less brittle condition) ' he 

* thinks it would best to use the largest quarterl^ell for 
‘the hours, and the other three for the quarters.* Of 
course he does not know, and does not think dt to ask the 
designer of the clock, whether the notes of the bells are 
suitable for such an arrangement, or whethef it would not 
be necesa|ry to alter the clock to make it strike any chimes 
at all on three, bells, insfead of those for which it is 
constructed ozr I'^our, and then to alter it back again for the 
original chimes after Siis temporary arrangement is termi¬ 
nated on the restoiftbiMn of the^grpat dilll to health. • 

At last however, he has, let out the real reason of all 


this delay and pretence of investigation, which indeed 
it was not very difficult to divine beforS, rememberiu^that 
a certain Prime Minister, with whom he ft a good deal 


more >th^ officially connected, last } ear pronounced the 
striking ^f the clock a nuisance,* and Mr. Fitzroy was 
desired to ask me if it could not be stopped ^ry 
eveninjf while th» House was sijt^ng. And so Mr. 
Cowper now says, * it is ^atheP* hard Ihat • half t^jp 
‘ county of Middlesex should *b*e%infori!ied of the hoi^s 
‘ at the cost of the se*iou8 inconvenience of that 
I do not venture to express ^ opinion «7hether thpse 
•whft have paid ^ooi. for tliAe bells may, reaftonably 
exp<£t to*haar Ihe^. Buif I am convinced from^perience 
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ia otl^^p places^, and indeed from some experience in the 
Committee roomp of the very place ip question, that, 
although the striking of a clock may bq felt as an interrup¬ 
tion for a few weeks while it is a novelty, tlie loss of the 
* striking is often thought rfcgrealer nuisance jffthrwards. It 
should be remembered that the Hou^e of Ccftimons and the 
clock were, onl/ speaking Ipgetber for about a month last 
year.r I>ut I suppose we mustwaA/ till Mr. Cowper rises 
into li Secretary of State, or^otherwise Jeaves Her Majesty’s 
public \\orJ^s to be utduaj;cd by soincbodv clao. Then 
perhaps at last w'e may get a great h(‘ll cast soundly, alter 
the S'ame number of trials aa'theyhad in Ians 180 years 
ago, aild the A^cstminsier clock may at last be-allowed 
to be ciynpleted, if it has not been Bpoilt,A.n the mean time. 

P.S. I am just in time before this fehe(‘t is printed off to 
add a rather decisive piece of inforinaliou. The bell has 
been at last cut into down to the bottom of not the largest 
crack. Its dqpth is already | of the 1 hickness of tlie bell, 
having no doubt OKtended from a slight one banning in 
the brittle crust, as a crack oi* a diamond-cut runs on in 
glass. Besides that, there are even worse h<>le3 inside than 
I expected from the discovery of th^ external holes: larger 
by far than 1 oven**saw in any oUajj. broken bell metal. 
One of Ih^m has been large ^enough to stop the crack 
suddenly where it is three «inchcs deep. And yet further, 
a piece has bee» fut off the lij), near the end of anotlier 
crack, and it ife worse than the worst of the three other bits 
cut off the wires, and quite bad enough to cond(‘mn the bell 
upon, independently of either the holes or the brittleness, 
J[,am fsy from suiiposiug however, that this discoveryT-or 
any other, will inak^ the least impression on the iiresent 
^’hief Commisoioner ©f W6rks, any more than the recent 
8)Icccs8 of bis dfeiermijuation to have the fourth pair of 
"^»nu8 fixed by the engineer who made the condemned 
mipiiite bands, instead of by the clockmakers. 1 shall not 
be at all surprised to findliim telling the flouso of Commons 
again, that, nbtliwithstanding the cracj>8 neaviy*-half-way 
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through, and the holes all over, and the Ipitleness of the 
outside, and the miscarriage of the compQsition, *it ioes -^iot 
appear *to be necessary to abandon the use of the bell,’ or Jo 
pay the smallest attention to any advice or opinion he may 
have receivtd^from me about ei^er the bell or the clock. ' 

• .k , 
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It is evident that whenever another large beU is to be cast 
fdi* "Westminster, or York, 5 r Oxford, or even ^aUtJi* 
bells than th<;|fee, there will %e no* security against another 
failure Bunless the referees have the m^ans of waking a 
more searching ^amination of its constitution than they 
have ever had yet. To be sure we haVb been told by a 
great authority, who is never wrong, and can always prove 
that he said the right tiling at the pj'oper time, that the 
way to get a good bell is to have no interference of referees 
at alb but * give your orders to an eminent bell-founder 
‘who has made his fortune*in making bells fsound or un- 
* sound), aud«y;ou are sure to have it.’ Of course the 
sub-editor of the TiMes can p^o^’e•that it was the inter¬ 
ference of refere^ig^hat made th't* first Westminster 
bell tbicker than their pattefti,*aud the seciAid diflerent 
from the composition prcscribad, and uuhomogeneous, and 
full of holes, jiud the York bcU tliickir.ou one side, than 
the other, and jiorc^is too, and the Oxford one still worse, 
and jiade the JMoutreal boll crack in a year, ayd the 
Eichan^ bells have to be recast twice because tln^ wore 
BC^bad, and the great bell of Paris to bo cast thn'e times 
over, and St. PauJ’s tw'ice, and thenjirobabl/unsouffiT, as 
1 have little doubt it is. # The Act is tlj^t ilie souitd 
casting of large masses of this 1j|j|mpoitfid metal is byiiho 
means an easy job, apd evidently requires a goodvd^-l 
more management than our ‘ lAost eminent bell-founder ’ 
knows how' to apply, sin^e he delferea that it ^ impQssibfe to 
cas^ bells Vitltouf boles in 4;bem, or with any llertainty of 
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their tieing mfre homogeneous than the Westminster 

b^Uis. 

« 

• It is true that that declaration is no evidence as to the 
capacity of the other bell-founders; one of whom, as^I 
*have already said, did his l^st to protest pi^hcly against 
it, although the Times suppressed tlfe prott^t; and other 
founders wjio did nott proW-^t have practically refuted Mr. 
Mears’s 'declaration by casting twb 4 ton beUs soundly 
and Without holes. £^ill the difficulty or the risk is'so 
^atj^ and ^.he temptation to conceal or make light of 
a,defect in a large bell is so strong, that everybody except 
the partisans of a bell-founded must see th\} necetsity for 
a more find not ^ less stringent supervision by the referees. 
But for ^bheir interference, the public woi^jl now have liad to 
pay for two more unsound bells, which Messrs. AVarner 
thought themselves very ill-used in being forced to recast 
into sound ones, and which they would easily have found 
engineers an^ clockmakers enough to convince a jury 
of tradesmen that •they ought to be paid for, if a jury of 
tradesmen had been the judges! H'cilher of those bells was 
anything like so bad as Mr. Mears’s la^ge one, which 
escaped the same condemnation ony in the w^ay I have so 
often inentjpnod. * ^Leayiuj; the hall,founders then to 
discover, if they do not yet ^ know, how to avoid such 
defects, let us consider w^at means ought to be used 
to detect them wiiefti they exist. 

Pirst of all,"it should clearly now bo il condition of a bell 
contract,—and probably not of bell contracts only, that if 
anything which the referees shall consider a* material 
defi^t, is at any time discovered to have been eonecajed, 
the founder shall pay all ilie expcjases of ro-casting. 
liitherto'•thfc,founder* havbcbeen almost invariably their 
0^ referees; although.i^esee that two whole peals at the 
Tfi^lchange and four out of the eight bells which have been 
ca^t* for tho "Westminsterp clock have either actually been 
condemned ta be recast, or have only ^scaped condenma- 
tiou at tile pfoper time bycaccident, mi8t|kej or conceal- 
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ment of tlieir defects. Yet Mr. Hears openly avows that 
he thinks the l^oll-founders ought to be the judges, akd 
ought to (jonceai ^.efects which they think immaterial, even 
tfhen there are independent referees, to whose judgment 
the foundtA professes find <fi:ontracts to sabmit: and 
the Times rf^ees with him. But notwitSistandmg that 
concurrence t)f authorities, 1 |1ither tihinii the, public will 
be of a different opiniRn; and now that they have loarnt a 
little more about t|je matter, il believe no more porOus or 
unhomogeneous l^ells, or bells of unequal t^ickne^s, or 
bblls spoilt in tuning will 'knowingly be paid for, in spi^/e 
of aU the pAtesfations of* the founder that such mis- 
carriagis arc common and of ifo consequ^ce. Wf are at 
la‘^t obliged to bggin passing special Acts of Parli4q\eiit to 
stop the adulteration of our food, the selling of 200 
yards of Manchester fabrics marked 300, and to save our 
lives from being lost at sea by unsound and untested 
cables, and there will bo much more of the sn^me land to do 
yet. But in this comparatively imimportant mVitter of 
getting sound bejls, the purchasers can protect themselves 
if they choose by merely making proper contracts and 
enforcing them, and tife first step towards doing it is what 
I have suggested. ** " 

Besides this, the refereeg, or somebody for tfhein, ought 
to see the bell as it comes outi* of the mould (as it is only 
fair to say that I was m\ ited to go, alhd went, to sec the 
first great bell, in the north), and not to be kept waiting a 
fortnijjht while it is being ‘trimmed.* If any porosity is 
then visible, except jierhaps a little at the top, the boll 
should be condemned, unless it can be proved, by cutjtin'g 
out the whole of ii, that it i.3 only superficial. 1 doubt 
whether there is a very bad 4)111 aaywhere,'*@f the prop^ 
shape and good thickness, which has not» either holes in 
latent or patent, or else^some such other distinct defedi as 
I have mentioned; and 1 certai^ never sa^wr *a good lijell 
that was a bad ^stin^. Although the^ York hell has 
another de^set^ vu., the ^equal thickness, tl^it is not 

B 
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alono Etunicient fto account for its tone; the Oxford bell 
lifts no defect that 1 know of, except the holes which Mr. 
Mears thinks of no consequence, to account for its un¬ 
rivalled badness; some of the Exchange bells, I ha\fe 
already said, had visible hples m them, and‘'Mr. Mears’s 
tenor bell, of old Doncaster church,** cast kf 1835, which 
was always tholight a bad*, one, was porous'at the lip, of 
•whicli I nave a piece now. Tfio saihe is the case with old 
bclia ‘of two centuries ago, 1 leftrnf d in the first peal I 
evtr rang, jn 'which thte porous bells wore all bad, and 
lilt? others good. 

Thte more difficult thing is‘to ascertain v^hether there'is 
internal porosity; which there may be with an apparently 
sound s^irface, as in some places in the Westminster bell, 
and in the York one, which has a blister afeeady broken in 
bv tbe banmier, and the same thing happened in the 
Exchange clock bell. It is evident that tbe runners and 
lins ])rojecting from the top and the lip of a boll cannot be 
j*rli(‘d on as siiecimens of the metal, either for analysis or 
porosity; and you cannot take a taster out of a bell as you 
do out of a cheese. TJierefore I should novr require some 
broadish lumps, as big as half an ej,g, to be cast on it in 
i ariousr places rouL& tlie 8ouudbo\i|»i\ud have them cut 
olf in the \}reseiice of ifie referees. If there is any mis¬ 
carriage in tlie casting it will he strange if that excision 
doeS(, not reveal it iKimewhore; and it will not damage the 
bell'as incision would. Such miscarriage will bo indicated 
by pcu'osity visible without a glass, or by the specific gravity 
being'- too low, or by tho composition being Wong by 
analysis, ^or by general appearances of tbe metal wjjicb 
cannot bo‘describe^, but which a little expericBce will 
ftmahle aey,jc®mpetenf pefspn to recognise as defective. 
Jfoli specific graiiity i8,*ih‘fact only one form of porosity. 

■^1 /akall show w'hat it ought to be in the next chapter. It is 
trul' that evep this test /rould not discover such a defect 
as* the,non-viiiou of tli^*metal iluside the bell; nor do I 
know wlfat would, except then sound. But/learn'^quite 
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Bure now that any buzz or indistinctne^ in tho, sound, 
which both thege bells had, indicates •something wrong, 
and that no bell with such a sound is sound. 

, As to judffing of bells in peals, I cannot too strongly 
impress upbnUhose who hUve tj pay for them, to take care 
that they havAi distiifct judgment upon eachf bell;scparately, 
without refei^nce at firist to tl^ question tJf tupe; for as I 
said before, a set of sabcepans or llower-pota might b® in as 
go*od tuno wi£li eaclj oilier as tlie finest peal of bells. • And 
it by no means foljows that bccauSe a mau is i^musician ho 
knows what bell-inetal is capafie of, and therefore wfie tlyr 
a ■ bell is as 5?ood as it ought to be; the only ifto 
deternitnd that is to adopt scfmo bolls o^J about same 
fai/#* and acknoi/^dged goodness as a standard, as* perhaps 
Professor Taylor condemned the Exchange bells by com¬ 
parison with the Bow bells of the same size and notes. 

It is essential to bear in mind that there is no assignable 
relation between tho sound of a bell and jits liability to 
crack: indeed a bell that is had becaiwo it is too ’»oft is of 
course less liablejjo crack thftn a belter one. And therefore 
merely to stipulate that it shall be rung for a certaiu time 
before it is paid for i^ould he rather worse than nothing, 
unless it is also s^jiptiated tliat it shdtt contain tho proper 
quantity of tin. I shall have* something moi^ to say 011 
that point under the construotion of bells; but witb that 
condition, the test of ringing with a fuli-aized clapper fur a 
considerable time te a perfectly right and necessary* test. 
Tho first Westminster hell was cracked, as it doserv^pd, by 
ringing fb for a quarter of an houi*a week for 10 iiiouths, 
orj^only 10 hours altogether, and the second woul^ no doubt 
have bseii cracked |oon if it had been ^iod in tlie same^vay, 
and not unluckily escaped the^Aal (aaMr. Mep^s ^^queste^ 
out of consideration for the pdb|ll^ in the neighbourh^d]^. 
The German rule appevs to be either 24 hours contirfufc«a 
ringing, or a year’s ordinary rin Jng. The fij-st is probably 
thei severest test, and Has the vantage of settling the 
que^ion ^{Ipedtly. As l4ha¥e said before,* a bMl on the 
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Westminster o» old scale of thickness or weight for its 
difimeter, ought to^ bear a tolling if not a, ringing clapper 
of of its weight, and will probably npt give out its full 
sound ^ itli less ; and certainly will not if the bell is on]y 
■foiled, and not rung in fiii^l sWing. Thin ^ 11 % naturally 
require lighter* clappers, as light pe^uaps or even 

of their wbigl]^, and’fbeir sound is pl'oportionately 
'w eak iiud*bad, except when you are dlose by; for they seem 
to lodnd actually louder thaij thick Anep, when you are near 
them^ and sp people are t)ften deceived bj hearing them in 
l'4e bell-foundry. 

Mo\st bells improve in tone and get loiSlcr for a few 
j cars: Aot, as spmc books ’absurdly say and m.^ny people 
beliovcj l)y the clapper wearing a broad ^ilace for itself to 
strike on (for then turning the bell to a new place would 
make it sound •worse again, which it does not), but for a 
Aery different reason. It is well known that continued 
haiuinering or yibration tends to produce a more crystallized 
slate in^,ll metal. •! have already mentioned that ■watches 
■with new balance springs genertilly gain a^er a few months 
Aibration, obviously from their becoming more elastic or less 
soft and yielding. Fortunately theift is a limit to this; or 
else every bell wouKL come to a iMi4|jR*al death from its 
increased brittleness no fonqer bearing to be struck. 
Sound bells sometimes do c»ack capriciously, it is true; but 
old ones are no isofe liable to it than new ones, until they 
have* got worn thin in one or two pkices, which may be 
mateijally diminished, by the mode of hanging them which 
I shall describe hereafter, and still more completely ty the 
more expensive Westminster plan, already described^ at 
p. 352. But let mq end this chapter,by warning#'people 
-^ho havac ta judge behs^against being persuaded that 
a^Jid bell Avill evor imp/dvfe into a good one, for it will not. 
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• There is/still less to* say of the history of bell- 
foundki^ than of clock-making. Indeed it is hardly 
a ^progressive asi^at all j for as soon a^ the rigJit shape 
and composition are discovered, and the means of 
making a sound casting, there is nothing more to do. 
Small bells, probably not cast but hammered, and of 
gold, are, we know from the Biblc^ as old as -^he time 
of Moses; antksorag such old bells of sheet copper and 
even sheet ifon are'said to have been found at Cologne 
and in Ireland. The Romans also ^ad them apparently. 
They can only ^ 5 ?vcry thin,•and of a very different 
sound from our thicker chst Jidls. The nearest modem 
approach to them is the Chinese gong, which is made 
exactly of our bWl-metal, but hammered, whiclf that 
metj^ qiidly enough admits of when it is heated and 
cooled suddenly in water. GongS, likfe thin bells| sound 
very jjl except when you are near them, and? havo'dess 
power than the same weight of,^etal 9ast into a b'^H 
of a much higher note. Thef ft^Jowiug is the short hfe- 
tory of cast bells given in some of the Encyclopsedias 
‘The large bells n(jw usei^u churches*arc sai'd to 
havp beei» irvveitted by Paulihus, bishop ef Nola in 
Cafhpania,* about the year 400. They were probably 
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introduced inter England very soon after. They are 
mentioned by Bede about the close of the 7tli century. 
Turkctul, abbot of Croyland, who died about 870, gave 
If very large bell to thaj, abbey; and his• successor 
Egelric ca^t a* ring of six others. * Pop#'Johu xni. 
coii«-Gcratcd. a veVy large ilyw^ cast bcU in 1 ;he Latcran 
Cliurch id 968.' . • ** , 

It is said in Otters GJ^cHenhtndey iSie latest German 
• book ft^n the? subject, but cue which does not contain 
mdeh information of a practical kind, that ^^ell-founding 
flourished in all/the monafbteries in the 12th century, 
and tha1» there |rci’e travelling bell-foupders who went 
about casting bells where they were wanted. I suspect 
this practice went on very much later; for it is impos¬ 
sible to bc*lie\e that there were regular bell foundries 
in aiiytl^ug like the number of places from which the 
'legends* on still existing bcflls testifyJthat they have 
come. The great clopk-bcll on the top of the central 
tower at Canterburv is said to have been recast in the 
cathedral y^^rd as lately us«i762. inaeed the carrying 
of very large bells along tljc i*oads of old times would 
have Jit^en a morQ serious affair than casting them. 

Tilt founders of large bells in Eiiglifnd have for some 
years .past been very few. The most famops »bell- 
founding family on “record were the Rudkalls of 
Glotsccstei', • who are known to have flourished there 
from the tju^g gf Ilel^gy VIIJ., and some people think 
still ‘earlier, till about /^cr years ago, when they dis- 
apfoa'red. They cast the Westminster Abbey and 
Chester Cafnedral bells^.^and the Magdalen bells at 
Oxford (of^hiph the large ones are 1oo*thip), aiyi ^ 
great many others.. Earttcr back the Purdues' of 
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Salisbury seem to have been equally disting;uisJicd for 
many geuerationa. The firm of Eayrca, iSicl 

Arnold also existed in Leicester and St. Neota for t^Vo 
d(Bnturies/» And has nov mtrgcd in tliart of Messrs. 
Taylor of A^uglil»)rough. ^he predecessors of ‘!Mr. 
INfcars^s fatller at Wliitechapol, wevJ Lester, Pack, and 
CJiapman, who made the Boav bells, and tlieke "of St. 
Peter's, Mancroft^ ^torwicb5 which arc considerc"d*the 
t*vo beat peals •in England; and befors thc’w 
Phelps, who frecast the 9 t, Paul's bell a sccon^ tiifie, 
because Sir Christopher Wren consid<!red the ^rdVious 
casting by PhUjj; AVhiteinan, the fouii Jer of a good peal 
at St. Alban's, a failure: the present Ecll is a bad one, 
and is said to sound no one note, but a compound of 
tv o, viz. A and C sharp. Tom of Oxford was cast by 
one Hudson in 1680, and far cxcpcds*St. "Raul's in 
multifariousnesj^, b&ng said by the learned to sound no 
less than 5 ilotes at once. No woiidrt* it is thought by 
. other people to be (H*ackcd. Tlie next most celebrated, 
but now extinct,^(fifadcr of •this century w^s BVyant of 
Hertford, who was also *a ^hiirch elockmakcr. There 
are some nice peals of his at WaJtliaip Abbey, Saflron 
Walden, and St.* Alkmund's, Shrewsbury, a to^vti full 
of ijpal^ of bells both bad and good. He nevqr gave 
in to tliC modern heresy of castifig thfn bells. Tlie best 

*• i • * 

stnali jpeal I overheard is at Castle Camps iiitOambyidge- 
shire, made by Dobson in I&27, ^Jio live^ at Pownham, 
and died in the Charter Hcrus^; anj there is a ^oAd 
peal of eight by him at Finchingfield in Essex. \ 4 
All these foundries, excenj the Whitbchapel *^nd * 
Loqghboijoug}! <Snes, ^lave diWppcared,, "besidfis some 
smSdler; and a few years ago, the makers of large 
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bells iiirlBnglaivi were practically reduced to two, Mr. 
, Hears and Messrs.' Taylor, and the business of the latter 
wftg very small comparatively. Messrs. Warner's first 
peal of any considerable ske was cast in 1^53 for the 
catb^jdral at Fredericton (tte cbimcs*and cj 4 ck of which 
are mentioned ifc j^. and the*/copied the 

bells of St. Andrew's, Holborn, for it, for the reason ,I 
have already given at page 350. T^xek success with the 
•"lllfcstiainsten quarter-bolls, and the Lc6ds bell, and the 
peal ati Doncaster, and the <sending of Mr. Mears's 
ExcliAngi. bells t6 be cast again for the third'time by 
Messrs. ^Taylor, have established what w called in rail¬ 
way matters ‘ a wholesome competition,' which would 
have been still more effective but for their unfortunate 
passion for making thin bells, of which I have already 
spoken p. ^49.* ^ The bells of the clock at King's 
Cross Station, of which the kirgest is ^9 cwt., were 
made by Mr. Murphy of Dublin, and were bought of 
him from the Exhibition'of 1851, a^ that was certainly 
the bestf large bell'there. * Messrs?^ arner had then 
cast nothing above half*a^toil. The foreign bells in 
the Exhibition T^enc very poor. Mr. Dent once had 
one of 8 cwt.‘from Paris : it was betwitifully cast, but 
, the shaj)e was bad, and the sound very inferior tj^ n^ny 
English* bells of the ^amc weight. 1 think it may 
'now 4 ^ sakk that the art of beU-founding, which waS 
ab(^t at t^e Jowest f oint it had reached for 700 years, 
whgmthe first edition vrf* this book came out, is in 

iSr ^ «l 

' * TI!bfe IB a clk/c^ now malting strike on an E bell of 15 cwt. casting 
by M^is. Taylor; which is less'^j^an half <he weight of the E bell At 
■Westiuinstcf, ayd 11 rwt. less than those of^Bovr Chnrth aud Y«rl^ MinBier. 
A 15 cwt. hell cannot be luwfr than G without being the worse for it. * 
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a fair way for revival. Possibly these few pages on 
the subject may do something mone to help it; flot 
so much by teaching the bell-founders their own 
business, asiby teaching, othgr people what to insist oji 
from them, jbd how to get if. , ;• 

When we, began the Westminster bell business 
in 1855, I found tlfere if as as good as nothing of a 
practical kind to be •learnt irom books, and what little 
tjicrc was was tontradictoin^, ^nd some of^it evidently ^ 
wrong, and i|ot always right even on the simple aritfi- 
metic{),L «clafion of the musical notes to the -^fiSercnt 
sizes of similar bells (using that wofd in its mathe¬ 
matical sense, of all the proportion^ varying* alike). 
Probably the bell-founders have done their best to keep 
their secrets to themselves; and what properly belongs 
to them, viz. their peculiar modes of casting, I shall 
not interfere with; but what the public has ptftd for in 
the Westminster experiments, and what 1 Have learnt 
for mysflf, I shall fttpound as Cle&rly as 1 can. It will 
be seen too, tha^th® altcratioij,s I "Ijave forced upon the 
bell-founders have been almost all in the tlirection of 
returning to the old practice, of thc^ times when people 
were content to» have things good, “without spoiling 
them by trying to get grand effects out of insufficient 
matCriaJs. The same reaction ie now taking place in 
organ pipes, which arc made of lead and tiji, anij, dre « 
generally too thill and too ppor b^'tin, which is ^much 
the dearer of the two metals., ^ , 

1 have already said enough on*the distinction bet^wj^n 
making bells in tunc with eadh other, and making them * 
individually goo4 in tdne. It^ust also b^ remembered 
thal a (eid of bells nef (|uite in tune*can'be tuned, 

I 83 



394 • NOTES OF BELLS. 

* » • * 


although the t^uc or quality of a bad bell cannot be 
^ mAided. They are made flatter by turning a little oft’ 
the inside of the sound-bow or thickest part j and they 
egn be sharpened a very little^by cutting off, the edge 
so as to reduce the diamfcter of tlie mo^iUth; but this 
blunting of the edg^ is veqy apt to spoil tl|e bell, and it 
is scldeimdoiic now, ’ * ' 

Notes of bells. The whole theory of the designing 
^of bejfs to ^ produce tl\c /cquired musical notes is 
deduced from this mathematical law—tha^ the number 
of viLratf^ons iu a second, gr any other time,,varies as 


(thickness)' ^ 
diameter * 


4 

or,in other words, the depth of the notes 


or the time of vibration varies as 


diameter 
(thickness) ^ 


Con¬ 


sequently if you want to make (a very bad, but not 
very uuiu>ual thing*now) a pcql of bells all of the same 
absolute thickness (not the same {iroportionatc thick¬ 


ness), their other diilieiisions mus6 be as the square 


roots of* a set of UKtubep in the mm^^ysc ratio of the 
vibrations belonging to the proposed notes. But if the 


thickness itself varies ^ith the diameter, then the sizes 
will He simply, as'thosc numbers; an^ therefore all the 


^ dimensions of ' a peal of 8 tuneable bells,' according to 
the old phrase, which, means a peal sounding thV 8 
• notc| of tlje diatonic scale, will be in this proportion-* 

A'. 4 S>‘<o> 36, 3 *. 30 J 

• t r« • ' 

and 6^ on for a lai'gcr n'umber of bells, each being half 
'the size of the octave bill below it. These are the 


lowdst n,umbels which w)ll represent ^e inverse ratio 
of the vibration^ of the 8 notes without m6re .tr&ctidtis; 
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and they arc easy to remember as a^ standard, from 
which any others may be deduced, these being the dia¬ 
meters in inchcs/)f a peal of bells in the key of D flat,.of . 
the best veaglit or tliicl^ncss^for such a peal, supposii^ 
that the siylall bells Vere nbt made thicker for their 
size, and therefore larger for,their notes, tlidn the large 
ones, as they usually are^td prevent them fpm being 
overpowered wheq t"#cy arc.all rung together. - * 

, It may save some troublcjfco dbserve IhaHn designing 
peals of bell^ we have notjiing to do with what is cabled 
musicalwhich, was loug»a vexed, qvjjsticii 
in organ tunii^ inasmuch as a peal of bells is always 
played or rung in the same key. That question would 
arise if you took the 7th and 6th of a peal of 8 bells 
(counting, remember, from the smallest) to make them 
the 8th and 7th of a smaller peal; for iu that case you 
see the 53+ and 48 inches would not be iu Ihe right 
proportion, of 9 to* 8, but the 53J- ought^to be 54 j 
though both wouhVbe called *E'hat, and the error is 
too slight to -perceived^ except* by very good ears. 

The same case occurs in playing the Wesrtninster and 
Cambridge or the Doncaster quarters on the 2nd, 3rd 
4th, and 7th of ^ peal of 8, as described,at p. igt; for 
the sizes of those bells will be, as we saw just now, 
32/ 36^401 531 ^ whereas the 36 in.fought to &e only 
make it exactly in tunc as the second of a pcaL 
of 6 < 5 r of 10 belte.* 


* I do aot profess to know these thui^Vs a musician, or to hav^ an'^r 
capable of judging of any^ueb diSerences as tliose of tempcrairbiJI^ I 
only know them arithmetically. There is no difficultyfinding *))eople^ 
competent to judge whether*bells «ri ^ tune, after they are modi, but 
the>hav^t#^he made by calcal|tion and not by ear. • * ^ * 
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Weigjlt of b^lls* The weights of similar bells, i.e. 
of those in which the thickness and all t]ie dimensions 
keej) the same proportion to each other, of course vary 

the cubes of the dian^eter^, or any ofr the other 
dimensions; ai^d therefore*the weights peal of 8 
such bells would bp in this proportion !i5making the 
tenor joo. for convenience* ol calc^llation)— 

100, 70 23, 51-2, 427., ^9*63, irf), 15-18, 12*5. 

• • • .• • . * ‘ 

Th§ Westminster bells, which would b^ the treble, 

tfccond, third, sixth, and teiy)r of a peal of feu,/ire very 
nearly in this proportion; for in them the thickness 
does vary with the other dimensions, except that the 
smallest was made a little thicker than the others for 
its size, in order that its sound might be strong 
enough. • 

But yvi have still to ascertain what is the proper 
weight for any given size or note. * I’rom Uie practice 
of some of the modern*bdil-foundersiyou might suppose 
that .it may be almc^ ai^y weight you^lcase, at least 
within very fride limits, as one. secs bells of about half 
the weight of old oi^es and yet of the same note; and 
then pbople arQ siirprised that they soiyid worse, 

^ Postponing for the present the consideration of bells 
to ring^in peals, any one who takes tlie troifbleVto 
compare the weights ^be cubes of the diameters im 
the lis^ of the princip^ la^ge bells 0^ Europe af the 
enijTof this^bbot, will th^ the bell-founders of all 
age^apd countries have Vgreed in :^ing rather narrow 
Kmit^for the^ariations of *weight in proportion to the 
diambter pi thqir bells, ^nd this*is by,no means from 
any blind fallowing of each otiiep; for ther*e is a go(4 



TjJEIGHT .AND THICKNESS. OF HELDS. ^97 


deal of variety in the shape and the« distribution of 
thickness over* the different parts of *the bell, although, 
it all ends in this near agreement of the proportion%*of 
height aad^ize; which* wouid be nearer still, but for 
the foreign hells (eicept thc*Russian) being^tallcrithan 
most of oTjrsf.* • ^ .• # * 

. Taking 6 ft. diameter as a convenient standard to 
reduce them to, yoil ^ill fifid yiat the least wei^t for 
a bell of 72 iuches would be 72 cwt., which is aasy j:o« 
remember; ^ in smaller^figures, 9 cwt. (= iqp8 lb.) 
for 3 .ftx diameter. And such a bdl will fieafSF*’ 
B flat than aijj’^other note, according to the ^nroposed 
universal pitch, in which A has 870 vibrations in a 
second, or that number multiplied or divided by some 
power of 2. The diameter of bells on that scale is 


about 13 times the thickness of .the ^oun^-bow or 
thickest part; /or if sonm of them are rather thinner 


there, they ^ne thicker above the sound-bow, and so 
the total weight is the same. Ilut nearly all the great 
European bellsf as you se^ from^ cofnparing 

their sizes aud weights,*arc very considerably heavier 


than that scale, and the average •modulus for /hem 
may be taken at *4 tons for 6 ft. diameter, or 10 cwt. 


for 3 ft., and in that case they will be nejirly a • 
notfc higher. The Westminster* belli are vcry*ncarly 


(Tn this thicker scale, or their diameter i|*neajjf 12 * 
times Iheir thickiiess. If tljcy wife quite sq, the ngte 
of the great boll would bc^Vi«*toad^of a high E us it 
is at present, and the»largcst quarter bell would baQiif 
it were quite 4 tons with its .present diajnfiter. Some * 
of*the bells in the lilt (if thoir recorded weights are 
rig)£) are Still heavier tlfl(;n^his, which I shall generally 
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d d 

calHhe—scale And tlie other— : which last gives the 
12 ' 13 ® 

be&re mentioned size of 5 ft. for a D flat bell, weighing 

about 42 cwt., instead of 3c; or less as they tipi -generally 

mad^ now. - 


d 




This — scale agrees more pearlyiin weight than any 

•r . . * 

other simple proportion with thi^t -used by the old 
'bc^l-fonndera^ in the large bells of peals, which were 
m9^Je rather thinner than lalgc single bt'lls, and the 
small ones thicker, to i)reTent them from'bei'ig over¬ 
powered by the large ones. The tenor of the peal at 
Exeter (the largest ringing peal in England, and there¬ 
fore in the world) weighs only than its 

weight on the — scale of the Doncaster peal; and 'the 

d 

great bed of Bow,' and the ter or of York Minster, and 
the similar one at Sherborne (lately cracked, see p. 354) 
arc still nearer to it; although any one measuring their 
thickness at the sound-bow only might fancy they were 
on a thinner scale. The Exeter one for instance is 
d ** 

only t— at tho Bobnd-bow, but the waist is 2 inches 

thick, w = ipd not — as the modern founders 

would makc^it, and the weight is that of a rather thick 
bey. I am satisfied however that no «»ound-bow Ought 
to be, SO thin as that ^rQpqrtiDn, and that even thicken¬ 
ing,;t};ie waist does not ^compensate for it. There is a 
fulnOss and iKo^ness in thb sound of a thick bell which 
a thin one nej^er has. The old bell-founders evidently 
knew what* the* modem ones'do not choose tb ‘beli^yc, 
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or more probably do not care for so long as ^bey get 
paid for their,bells—that it is a law ^ nature thA a 
given weight of Jbell-metal is only capable of sounc^ng 
a very narrow range of,not^ with good effect; and if 
you.will infringe thaf law aifd make your bells thinner 
for the sake* of getting dec|^r not^s nut of them, you 
arc as certain as usual, in*fighting with laws tSi nature, 
to pay for it by Patmore than equivalent loss In* the 
quality of the tone. * 

. And it hin)pcns that idiis loss is even greater now 
than it q'ould have been a. century <igo. Far k vg^ 
well known fact^ and the experiments madg for the 
Westminster IdcIIs confirmed it, that the copper of 
modern days is different from the old copper in some 
way that analysis docs not indicate—less tough in 
w'orking, capable of holding less tin without becoming 
too brittle, and apparently incapable of a^ certain 
softness of sound wfiieh even thin old bells*sometimes 
have, but thin new nnes never/ * 

llefore 1 Icavq this part of j;he“subject I will give a 
short tabic which may beconveaiicnt to perso?is who want 
to know, without the trouble of q^lculation, of what 
weights and sizes the leading, i.e., the largest bSls of 
a peal ought to be, according to this scale, which ancient 
andr ncm also modern experience proved to 4 e the 
thinnest that you can use without sacr^^ice o£^e 
quality of the toiffe, and therpforq of the plcajiure^luch 
the bells are meant to givefta those who listen to them. 
And as a peal of belh is a luxury, and not a necqp|g^ 
of life, it docs seem to me astonishing tha^^oplc will go* 
o» raising large ^ubsedptions }br them ^thout taking 
thf)^!^^ ^'^i^ouble to aiceptain that they get what is 
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really tlje best thing for their money, and forgetting 
thai you pay for the same weight of metal whether the 
heUs arc thick or thin, only in one case you get them 
of the right notes for the^ir weight, and iii the othci' 
case.pf wrong, and so make the b3lls bad instead of 
good. ^ •. . 

On account of the difference of temperament, which I 
mentioned just now, some ef thest numbers may want 
♦alfpring a little when redupcd into peals of different 
keys, apd therefore 1 shall geiicrally omit 'the fractions 
Oi Inches and cwts. For instance, the Doncaster E flat 
bell is 54, inches wide, although its proper size is 53^ 
in. when it forms the 7th bell to a 5 ft. tenor of D flat. 
1 shall therefore put it as 54 in the table, because a 
bell of that size is much more likely to be tlie tenor 
than the 7th of a peal, especially in these days of small 
towers ; ibr there is hardly ever a tower built now fit 
to hold a "good peal of 8 bells. To do that properly 
with a good frame, the inside of thtf tower ought not to 
be less than 4 timh's tbe diameter ofi^thc tenor bell: 
whereas now the bell-founders ‘are generally required to 
cram peals of 8 bells into lowers not wide enough to 
hang *6 properly. This, I may observe, has also a bad 
effect on the sound of the bells; but so long as the 
builders of towerC think only of the height tfiey ^’an 
reachf, of icpurse no attention will be paid to the 
projisions ^or bells ‘and clocks, which the makers of 
th^m are always expected fb nonage somehow, after 
thc^pfchitcct has done. " 

' The sizes, Nrpights, and notes of the new Doncaster, 
and the old Exeter and t'ork Minuter and Bow bells are 
added here,^by way of introduCdon to wliat‘I *have.to 



SCAaE OF SIZES, WEIGHTS, .AND IJOfES. ^401 


say about the proportions of the large 3|nd smsdl bells 
of peals; and yOu must remember that neither this first 
table, nor tjie large bells of any of these 3 peals, give 
the best sfzet. or weights "for ^ngle bells of those notc^, 
or for a set (Sf^lockTjclls, in which the great; one itever 
has to sound l;ill the gsmall^r ^nes h 9 ^e*done. For that 
purpose they ought to be from t[- to ^ heavier “thifu this 
for any given note* it., on ^he jrz} or 12 scale, instead 
of 13. Thus, besides the laf^e bells in thetiatalogue at' 
the end of the book, the Quccn^s clock bell at Bahnoi^l, 
made froA the Wcstminsteif pattern, ^nd exjictly half 
the size, and th«^fore an octave abo^e the 4th or B 
quarter bell, weighs 9 ] cwt. instead of 8 as in this table. 
There is a small bell at the new church of St. Thomas, 
near Portman Square, only 26 in. and 3] cwt., but of 
the Westminster pattern and thickness, ^ich seems to 
me very much bettci; thafl au;f other small bell in the 
neighbourhood. 

e 


SOALK OF Bblis —*^nrCK 

*3 




1)1 un 

WUf/ht 



Ul 

C\lt 

c . 

• 

64 

a 53 

D fiat 
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42 
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57 

36 
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54 

30 
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26 
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» . . 

48 
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G flat 
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45 

18 
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43 
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in 

c^t qr lb 

8 

Efla^ 

» *54 

0 

• 

0 

7 

P . 

48 

21 0 24 

6 

G . 

43 l 

15 I 10 

5 

flat 

4 */ 

£• 

0 

0 

4 

B flat 

37 

9 ^0 

3 

C . 

34 •' 

^*0 10 

« 

1 ^. 

• lat 


7 0.11 

1 

3 * 





Tlio 44argebt of the old belK of i'*a ^ro 
of the name si/os nud nfitoa and veiy nearly ^ 
the sonte ff, tighte us thedi, and tbcamall^nes 
nitliei hcaviei The tenor of Meats’s 

a cnst’in i8j5 , and*Dum1^iu‘i8sj, whs 
I Iioavior. but thiuiu^ a note lower, 
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Exstbr lOAiaRDRMi BxLis, Bow Church, 1762, a ad old 


MOSTLY 

CAST IK 

1676. 


York MiKsmit, 

1765. 

Weight 

Dinm. 




Biam. 

Weight. 

cwt, (jr lb. 

ft m. 




aT:. 

in 

cwt qr lb 

6^ I 20 

5 

B flat. 

10 

I 

C. . 

i 

44 

S3 0 -5 

46 3 *4 

5 44 

C 

9* 

r .. 

4 

94 

34 2 6 

38 if 16 

4. ii" 

B 

8 

E . 

4 


26 013 

30 1 12 

4 7 

F flat. 

7 

F . . 

4 


21 0 23 

21 0 ,p 

. 4 I 

F 

6 

a. . 

3 

8 

1604 

IS 0 

3 10 

G 

^s 

A .. 

T 

3 

5 

13 2 22 

12 2 0 

3 44 

A 

4 

B. . 

3 


12 0 7 

10 a J 2 

3 *''14 

B flat. 

'■3 

C . . 

0 

3 

0 

1 o 0 0 

9 3 20 

3 0 

C 

2' 

D . . 

2 

10* 

9 * S 

, ? 3 ",o , 

2 9i 

D 

, I 

E .. 

2 

H 

* 3 7 


I wag iold tlint if the large bells at-Dc:icaster, and at 
St. Nicholases, Aherdoeu, (which is cast from the pattern 
of the 3rd hell at Westminster, but a little thimicr 
and therefore E flat) were made so heavy in propor¬ 
tion to the small ones, the trebles w’ould be overpowered 
and not heard. Tlio fact is" that they sound rather 
unusually distinct and clear. And you observe that 
the tenors of thes^ three of the largest old peals in 
EnglanS arr actually licstvicr in proportion to the octave 
bells above them, than*the 'Doncaster tenor is. In 
short that excuse fbr making the large bells thin out of 
consideration for the small ones is ’proved to be un- 

* For 'ouie re .son, w’lich I.lo not understand or Relieve in, tUo fou^dere 
see™ to have a Imhit of making the last hut one hell of a iK'al dispropor- 
tionatelv thin, hs you sec it is in both those peals. I had often observed 
th^t it was apt to be the wora^ in the peal. Bather different weights aro 
gwen for some of the York and J|pw be 11 s, but not to any material amount. 
TV present York Minster bells are made from the old patterns ; I have 
fieard them rung, but some persons who have think them inferior 
to the Doncastef' pf/il, though so much heavier. The bells of St. Saviour’s, 
Southwarl^ are 0^ about the weight)^ thOi,Bow hells, hut rather 
flatter, anti t^iey aio not thought so,goo<,|,. The Exeter b^alsi are rather 
flatter for their«noiiunal notes than the others in this list. ‘" 
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founded. This Doncaster peal too has^rorcd«nother 
thing, when compared with tHe deeped one of 1835, viz. 
that a 30 c]^t. hell 4 ft. 6 in. wide and thick cuougl^io 
be E flat flotfs not soui^d ti^ealRr but stronger than a bell 
of the same ^visight Expanded and attenuate^ inic^ ft. 
10 in. and. so broUgljit down*to D flat? Of course this 
partly depends on its being properly clappered,•which 
very few bells arc.* f^eople Seeip not to know that too 
Ifght a clapper brings out abound inferior iu qusiity as * 
well as quuutjifcy to a proper one. • * 

I donio 4 say that the large bells of a ijnging peal ougEt 
to be on as thick, a scale as the sruajl ones ^ though 
in a set of clock bells there need be no difference, 
because the small or quarter bells have always done 
before the great ouc begins to sound. But I do say 
that the difterenee is generally made much tjo great, 
and the large bells of neaHy all modern peah? are spoilt 
by being made of too low” notes^foj: their u eight, or too 
light for their note. * The 3 or 4 lajgest bells should be 

on the — scale and no fhiungr, and the sfballer ones 
^3 ^ 


• d . 

may gradually incfease in thickness up \6 — in a peal of 


d 

6; p — in a peal of 8, as the Dqncai^cr tij^ble and 

* 

perhaps to — in «, peal of 10 or 1% bells; beyond that 

^ ^ • •• 

thickness a bell becomes roo*ift^ch of a lump of metal 
to sound freely. • , ^ m 

A peal of 12 bells appears to^me to be.if mistake^ as^ 
it IS, almost iippdfesible^to ring ihem disti«ctly,-» and as 
a matter of fact it is veiy seldom tl^at all tl^l^bells even 
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of peal of ir are rung, and still more seldom that 
they are rung well. There seem to be very few sets of 
ringers in London now capable of ringing true changes: 

least 1 constantly hc^ false, ones^ with 'the same 
change repeated many times over, 'x think even 8 bells 
too many unless the tenoi'.is,at least i8 cwt, and that 
not E flat but E sharp, remember. There is mary 
a peal of 8, perhaps thf. great majority that have been 
erst iJi the last 20 years,‘which would have sounded 
Reiter 'f the same or even a less weight* of metal had 
been spent upon o good bells a note or two Ligher. I 
know one especially where.you can.warcely hear the 
tenor because it is too thin and the treble because it is 
too thick, and where the ringers have hardly room to 
stand, and the ropes 9annot fall straight, and the walls 
are cut into, and pieces of the frame left out, to make 
room for +he bells to swing, all because a certain 
number of people were determined to have 8 bells at all 
hazards, which are nractically worse than 6 now that 
they have got them. Thertenor of a peal of 6 should 
not be less than 12 cwt*., and that not lower than G 
sharp^ 

Shape of bells. Hitherto I have assumed that the 
bells a^e to be of the well known and universal shape of 
church bells, as*" shoWn accurately enough for Ihis 
purpose at*page 198. And I am convinced it is the 
right shap?^ notwitlipI,anding the multitude of public 
and private assur^ces^^fvhicL we had that it is wrong, 
anO- that the hemispherical form, or something like it, is 
right. The'persons who kept making these suggestions 
evidently ,did not kna^ that targe and sjnall JjIIIs 
require difl^rent shades. Why it is so, I do not pretend 



^HAPE OF BELLS. 


•405 

• ^ 

to explain. But the hemispherical form had bgen used 
for ages in small clock and hofose bells up to the lar^st 
size at which it can properly be used. I had tijied 
myself foe* 's|evcral yearsj and with several founders, to 
get one ftadp as laige as 9 idehes diameter that i^uld 
sound well in a heuse clock, and I wa? obliged to give 
it^up and be content with one of 7 inches, wMclv seems 
to be the limit ofiitl|?ir musical capacity. There* ^as a 
wery large one'in the 1^1 *Exhibition^'but it Mjps. 
obliged to bc^struck with amuffled hammer: otherwise 
the sound would have condemned it at once. • • ' 

I know that Jjells of 3 or 4 cwt. of that ^hape are 
made for cemeteries, for which their *liorribly doleful 
sound is appropriate enough ; and as they have the 
advantage of not being heard nearly so far as bells of 
the common shape, it is perhaps stDl mote appropriate. 
But those arc not the qualities usually souglft for in 
either ringing bells or clock bells. 

On the other hai«l, small b^ls* of the usual church 
form, such as n^^sical hand JieUs, rd^uirc to be •thinner 
and straightcr in the side, or more conical ^han larger 

ones, which are bad if the sides arcbless hollow than in 

. • • • 

fig' 33' I exhibited an exact 6 in. bell-metal model of 
the Westminster bells at the Boyal Institution in 1857, 
and Jounded worse th^n a commAi d(^r befi, or a 
railway hand be 41 . But above 2 feet in dkimet«fJ*or 
perha]^ less, all these peculiarities Vanish; ^d &C(^d- 
ing to my observation and^xpavence, and the unhersid 
practice of the bellfeipuders of ^1 ages, ^e long es^b- 
lished shape and proportion of church IjjeHs appeafs tiT 
bo equallv ri^lit* for t bell 0^4 cwt. and of oao tons, 
thuTprobaBle weight of ^h^ largest Russiao^ll. I may 
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just mcjitioii here that the form of a very prolate hemi- 

. spucroid, which the Chinese and Indian^bells have, is so 
m^^festly bad, that no one need hear them twice to 
know that that form at aijy ra^-e is wrong., i 

]0i;:t when you have to design bells for,coatetruction 
it is necessary to go somewhat farther thau this general 
conclr^io’i; inasmuch as >\haT; wc may fairly enough call 
the established form of bells, whc;j speaking popularly, 
o^ comparing it with a very^lifferent form, will be found 
to have considerable variations of its own- -considerable 

I 

"dv least lO the eys of a person who knovrs wh;it n great 
difference in tone may be produced ^by an apparently 
small difference in shape. This, and the best propor¬ 
tions for the composition of the metal, were the two 
great points to be settled in the experiments and obser¬ 
vations, which, as I have already said, were made before 
and dur*in" the two years which were occupied in casting 

the Westminster bells. It would be tedious and useless 

» 

to describe the different variations that were tried. 
They ended in ouf'coming^ to the couiJhision that the 
best shape was something between the most common 
English pattern and the usual foreign one. It is indeed 
a good deal nearer to the English than to the con¬ 
tinental pattern, except the Russian, which I was sur¬ 
prised to tid f. Dm a section given in Li/aWs^ Russia, 
after the fijst Westminster bell was made, agrees vciy 
nearlj with that pattern. ^ 

, After trying and ob^rvinp tbe effect of a great many 
p^tt^;ms, and without any a priori theory in favour of 
anj particulau curve, I saw that the one which we all 
thought the ,bcst in cjtcct wai^ vciy. like an clli])so in 
section, fl^^iigh not the same ellipse "as had ppen 
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previously', and is still used by some of the English 
founders; and on trying it found thit the shapetfor^ 
the inside section, which wc had thus gradually arrived 
at cmpiriodljy, was actually | very close apiuoximatioai 
to the quadrant o^ah ellipste of which,the majo^axis 
is of the dTametcr of the J 3 ell, ajdMhe nfinor -j'r, or 
J- of the wdth of tlic mcrtitli, or -] the inside* wjSth of 
the bell near th^ typ. These 13 parts (jis it ist;on- 
\|enicnt to call the 24th8 oLthfi diametcr)*arc hQwever, 
not enough t* complete tic height of the Sell, and jte 
rest oif it^is “simply a cylindrical coutinuatiom, 
usual before. In large bells of this pattern the inside 
of the to]) is iCj parts above the bottoA of the bell, and 
the top itself may be described with tlifit radius from 
the middle of the bottom: in smaller ones it is found 
expedient to make the height 18 jiartsj or -f of the 
diameter, and rather more arched thau 111 large 
ones. . * * - 

The rules for describing the dlitSiae are not so simple; 
and it is hardlj worth while to into tliemyias they 
are purely empirical aiid«only Resigned to produce the 
following results :—The sdhnd-boY or thickest part 
ought to fall at ^ j parts from the lip* hjeasurcd*along 
the inside curve. At 7 parts from the lip, the bell 
ou^ht td be at least as thick as h^lf tl|e so\|bd-bdw, but 

never thinner than 7^, even if the spund-bow*is t^tnner 


d 


•• 


than —, which I think 4 t ^^er be. From 


that the thickness gradually (Jepreascs to#- 


wuud bow 


af 


* • I % • 

the top f but that agan» seems never to *haj^ been less 
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— in tb*3 best old bells, even in those with a 

39 ‘ ft ' . 

solind-bow as thin as —. From the sound-bow to the 
^ 15 . .X 

lip .witside, the suitable 'curve easily be drawn by 
hand^ or by some epapiric^l circle-radius which you may 
find convenient. ' ‘ 

This construction makes, the scyiivd-bow rather fuller 
outside thaji has becii upal. According to all tljc 
sections in books, and most)*, of the bells, that 1 have 
^vv»s,vyaa can lay a straight edge against the lip and 
the top shoulder of the bell; but in the Westminster 
pattern the straight edge would be thrown out a little 
beyond the lip, by the protuberance of the sound-bow. 
I do not profess to give any reason why this pattern 
should be any better than the more hollow ellipse, of 
major a'jcis 12, which is the more usual English pattern,* 
instead of 13, or 1;han the foreign pattern, which is not 
an ellipse at all but a very much less hollow curve, and 
not ending horizontally at the mouth ^ all I can say is, 
that having tried them 9JI, bo^h I and other people who 
examined them cajne to the conclusion that this is the 
best in effect. The greater tallness of the foreign bells, 
which has sometimes been copied in English ones, 
has lokg api|)earc^ to me to be a pure waste of metal as 
regards spund, if not worse; beside^ being a serious 
incuiLbrance in tbe increased momentum and centri- 

r* ^0 far from ' neat propozwionof that kind haying a presumption in its 
I think ^tbe presumption ‘s against u ; for we may be almost snie 
it was adopted at '* guess, because it was a neat propoition, and nut from 
induction founded on experiments, as the W ^stminstcr or Doncaster pattern 
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fagal force of tbe bell ia ringing; and f belie\ie all the 
English founders are of that Opinion *now. ^ • 

Composi^tion’of bell metal. Hvithout going ever 
the varimif# experiments with different metals, boSh 
simple onea^ such As steel or aluminium (the wdrst of 
all), and /sotnpoUnd ones varieus alldys, which 1 
described and exhibited in a lecture at tlie^llojal 
Institution in 185 7 ^ 1 ^it is dhou^h to say here that not 
One of them wa^ equal or jpiearly equal in the quality^of 
tlie sound t^ that alloy of copper and tin commcAily 
callpd bell metal, for which vtirious proJ)ortions ard'^cn 

X t * I 

in the books froilt — down to*-: I say down, 

3 copper 4 *' 

because the more tin there is the ' higher ^ the metal ia 

called. I have said before that 3 of modem copper to 

I of tin may be taken as the turning point between 

brittleness and, toughneSsj and it is thq„ proportion 

which gives 'the greatest density^ ^ specific gravity of 

the alloy, in very gobd casting as ipucli as 8*9, or equal 

to that ofnotmiercly cast»bmt rolled co^er* though 

that of the tin in the'allqy^is only 7. No specific 

gravity less than 8‘8 ought to be tdlo^cd. Although 

part of Mr. Meftrs’s Westminster bell’is only 8*32, 


another^ part is 8*8. The lightest piece o^ the former 
bcU tliat was analysed was 8 84.7, iccorfiing *to Dr. 
Percy^s report, afid a bit near the bottom waS 8^4. 

It is\lcar that the old beil-fqjpiders |Lim9d at Some¬ 
thing near this proportion to.i^^d sometimes 
exceeded it a little ui the quantity of or tiiS jmd 
antimony together, which exeq^s their copper would (ear 
thfi^h oip’S ifill%LOt. \L have steady gi^cn th^reasons 
why ^7^ wfis fixed on for the WQ9tmins£34*^bells, and 

* s 
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there is no douh| that that composition is strong enough^ 
provided it is souudlj cast and has been twice melted. 
But. for all that I propose now to vary it a little^ for 
a* reasopi having no relation to the toughness, but fdr 
a ch#mic^ reason of a different 'kind. Tt happens, 
oddly, enougli, that neither this, nor any one of the 
proportiohs given in books or commonly used for b^ll 
metal,' agrees with what are called Mic chemicjd cquiva- 
•lepts Q** atoipic weights of t,he two metals, which are— 
copper ,32, tin 59: 3 to 1 do( 5 s not, which' some of the 
bduks’'ca?l' an excellent metal for large bells • * nor 3^ 
to I, wVcli others recommend and Messrs. Warner 
now use; nor 4 to i, which is the common soft metal 
of house bells, and sometimes wrongly used for church 
bells; nor does V quite; but\^ docs: for V 59 = 192, 
which is a n){iltiple of 32. In other words, such bell 
metal w&uld be a true chemied combination of 6 atoms 

4 

of copper to i of (Cu^^ Sn), though it is only 3] 
pounds or ounces of copper to one 'of tin. 

Lord 'Bosbc madh his g?*eat .speculufu on this prin¬ 
ciple, of 4 atoms of copper to‘i of tin (Cu^ Sn), or in 
the projx>rtiori of irt8 to 59 bj'' weight; and it is said 
that a very slight deviation from it runs great risk of 
spoiling a speculum. I am told by persons who have 
made experih\ent#bothrin that and other alloys, apd some 


insCftnccs it arc given in books, that'the combinations 
whjcl?*\rc (lefiiiite ihultiples of the afomic weights arc 
Iqss liable than others to ceparate or become unhomo- 
getjec-us in c^Sing, like Mr. Heart’s bell, and that thej'' 


*hre^better ih,other respects: certainly the difiereuce 
betweenr the pppcarancf of the /^racture of the atomic 
spec’dum -«:*etal and of dthdr metal very sligktly 
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demting from it^ is remarkable. I, was very near 
prescribing tbe abore memion^ *i^mic propoi^on^ 
for tbe ^Yestminster metal^ anot ino^d T publiabed 
x\ as a suggestion i^ 1856^ but 1 was then .assured 
by personsi ^ho ktiew more of castiiTg tjian f did^ 
that tbe a^o&ic principle w|S of 119 consequence! in tbe 
ipetallic alloys. But alttiougb not one beff in 1000 
may fail in this to tbe gxtent that. Mr. Mears's 
bell haSj and small onesrjit’obably not 9 k all, because 
they cool hofore the metals have time to separate, ft is^ 
clear -tbri there is a tendbney to dj it; an^ imleeii I 
find it is well k^own at Woolwich a tiling to be 
provided against in casting large guns of gun-metal. 

It seems to me at any rate imprudent not to avail our¬ 
selves of this undoubted law of natuie, especially as 
there is an atomic combination winch happei^s to be a 
particu^rly coQvenipnt pfoportion, being evctly a mean 
between thS 3 to i which is jisil too brittle to be 
safe, and the 3] to iVhich the bell^oundcrs like because 
it is easier to tunc, but which is certainly' softer and 
less sonorous than it need be* I should now therefore 


w 

require large b§lls to be made of "thjs 


76’-5 qopper 


^ • ■! 23-5 till 

or Cuj^^Sn; and they should then be rejected as un-< 
homogeneous if any part of thh belS is proved to be 
beyond the limfis of citlicr 77 per cent. ®f cooper or 
23 of tin.* It must not Ijp bupQqsed howe'er, tnhtetliis 
wonld have prevented thelpcft^l^ty qf'iifr. Mears^ btfll, 
which is a quite iDdependent defect, woulif have 
made the bell a bad one, eirqn if it hid not alsosnis- 
cd\r]|ied,ip composiii(^ and A> fortuinfiely. destroyed 
itself. * * ^ ~ 
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The oqIjt other atomic combination within the range 
lof ^ell metal is ^n^ oi^ 19 copper to 5 tin hy weight; 
hub that is too soft^ e'kcept for small house bells, which 
afe thinner and have clappers muph larger in proportion 
than Church bells. Old I'om of Hncdn end the old 
York <^Iinster belU of and probably the Bow 

bells, xfearly the same date and made from the same 
patterns, contained *03 of antimbny, which has a 
hardening e^ect like tin. vThat is hauch too large 
^ a quantity to have got in by^ccident; but I am not 
prepkfed to give rf positive 6pinion whether tli/'reds any 
advantage in it^ or not, because thq, few experiments 
which have been made were not conclusive by them¬ 
selves. There was no perceptible improvement in the 
sound from introducing about *03 of antimony into a 
small bell, and the experiment that was made as to 
strength wa« not a fair one, bbcausc the same quantity 
of copper was nof^'^aken. The antimony diminishes 
the specific gravity,of the alloy, \frhich tin does not, 
though so ,Tnuch lightei than copper by itself. So far 
as I have an opinion on the' point, it is at present 
against the an|;imc^ny, and the bell-founders have the 
same opinion. Very small quantities of iron, lead, 
zinc, arsenic, and sulphur sometimes appear in the 
analysis* of b 411 s; ^ut tliey are mere impurities. ^1 have 
indeed seefir lead and zinc in considerable quantities 
innrcTwiitlyvputr down,,%n books as ingredients of bell 
m'ital'; but it bec^ '^lle^^ly adulterated; for both 
thoa'3 metals fro injurious and have no business there at 
fill, especially the lead: a little zinc is sometimes put 
into small bells. I do not know f (4 whsCt reason. ' 
Stfeel 1 Inive frequ^tly been dsked my 
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opinion of these bells^ which are now mad^ both in 
Germany and» at Sheffield/ 1 ]^a^ not myself hhar 
any but ^uite Small ones, and those were very injpfior * 
indeed to 'bell metal ^ and I never received but ane 
opinion as/o the inferiority\)f the large ones alao, from 
good judges who have hea|id thenv ted^ the |nakers, 
jrho wrote to me on the* subject, that if they ipeant to 
convince the puUif^of thehr value, they ought to*Ahibit 
*a large cast st^el bell tqgetlier mth a g^od bell m^tal 
•one of the^ same weight. They are howevgr i|iuch 
cheaper ^than bell metal, ‘and that* would be •a^ood 
reason for hgvi^ them, if large bells were % pecessaiy 
of life, and if it was impossible to* find the money 
to pay for the proper materials for making them. I 
understand they require hammers two or three times 
as heavy as bell metal bells: if so,^ther6 would be little 
saved in usin^ them for •large clock bells^ as the clocks 
would cost •much more. ^ 

Silver. The m^st inveterate of all popular delusions 
about bells i% the notion^ that old bells had silver in 
them, and that all bells would be improved by it. 
There is not the slightest foundation for tjj^at belief. 
Nevertheless wo had some experiments made *for the 
purpose of being quite sure that silver was of no use^ 
ejthe^with reference to sound ®r strength of tfic metal; 
several different proportions were tried, bggiunin'g with» 
sixpehce in a b?ll of nearly a ]^u'hd wpighj, was 

clear that the silver ratl^r •did larn^^n good in l^oth 
respects. 1 suppose the delusion ha^risen the 
ring of shillings and half-crowns, whuih justifi^s<^o 
Such inferencepany j^ore tha^in the ca^eof aluminium, 
wLich* sbme people ftndtcd would mall^'Jcy fiua bells. 
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until I exhibited one at .the Eoyal Institution, which 
M/'St. Claire Deville of'Paris was good enough to 
"cBsttfor the purpose; and the sound Vras worse than 
ofvcast iron. A beU of copperund aluminiivnrwas also 
bad, thon^ the bronze ot 9 coppef to i ^aluminium is 
in other respects a rery superior metal to' either brass 
or anytalley of copper and tin (see p. 95). No con»^ 
position for bells has yet 'ocen discovered dqual to 
copper and tin in the propoi^ions I have given. There 
wasia large bell of iron and tin in the 1851 Exhibition; 
but^h!at ‘also was very inferior indeed to bell-metal; 
and it inquired an enormous blow bring out the 
sound, and was at last cracked thereby. 

Moulding. There are two different ways of making 
the moulds for bells. As to the internal mould or core 
they are nearly identical, that being made by covering 
a cone either of brickwork or of cast iron with mould¬ 


ing clay, which is*Viwept over into the shape of the 
inside of thll^ell by a piece of wood* called a sweep or 
crook fixed to an axis or spindle set up in the middle 
of the core. The advantage of the iron core is that it 
can be lidted up and* put into a furnace to dry, instead 
of lighting a fire inside it. At this point the difference 
between the two methods begins. The old method is 
to make' a cldy bell on^ the core by means of another 
. <^rook'^ and when that is dry to make the outside mould 
or coP^'bn t^e top of th^at. 'The cope has hair and hay- 
bands,; and in liHige ones; iron bands worked into it, 
to nva^ it ho^d together and lift off when it is dry; 
tHbnlthe clay bell or thickness is knocked to pieces, 
the cope dropped down again and* weighted with earth 
in tho^it wboe the bells are cast, and the metal poured 
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in at the top through one holc^ another being left for 
the air to coihq out at. / - • * * ^ 

In the otlier ^ay there is no tkickness made, buj^ the * 
dope is an*iron case lined j?rith clay and swept out by 
an internal sweep •to the tihape of the outside^f the 
hell. Thg tiftres or omame^al ring^rouiid*the j^ll are 
ipade in both cases by thd second sweep, and.th^ letters 
and another ornaments afe pressed by stamps ihfb the 
clay of the cope while it i^off. These ^ou cm^)es can 
be bolted ddwn io a plAe under the core, and tl^re- 
forc do jiot require to be «unk so deep in tile gMund, 
provided^ulj^ primer care is taken to*get a liigh enough 
head of melted metal above the bill, or else it is 
certain to be of bad specific gra\ity and probably 
porous ill $ casting of any considerable size, as in the 
top of the first Westminster bell, where tlic metal ran 
short. This second mode of casting is used Messrs. 
Warner, and the other by Mr. ‘ars, and 1 believe 
other bell-founders. Small ^ctls, up tag|bout i cwt. 
are generally ^ast m san^, Jike Iron, *complete 
models which arc keptf and .not in loam fnoulds made 
by sweeps. Bells arc always cast mouth downwards, 
so that the sound-bow, which is by far*tlie 4iost*impor- 
tant part, may have the best chance of being sound by^ 
h9.viiig the greatest pressure aof itetaU ou It. The 
importance of ithis was illustrated by Lord IKbsse’a. 
experltnents wii^ large cast iroji crucibles |for^dting 
speculum metal in, whiA alwajus porous ^n Jhe 
bottom, which is thqir mlfit important until^^had 
them cast with their mouths upwards. , * ^ 

* Bell-metal nselts ^t a temperature fgr bclpw that of 
the coppbr, as is ustal*with the alloy^^^ ongtoGf^- 
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melting metal.. Small bits will melt in a common 
hour.e fire. It fs melted a reverberatpry furnace, in 
wbicb the fire is at ()ne end of a long shallow trough 
which holds the metal, an(], the flame is draw^ over it 
to res^fi the chimney at the other /;nd and^is reverbe¬ 
rated down Qj)on it fpm a ^bridge * and a low .roof ovc.r 
the trough. The dififerent founders use different fuel 
as we^has difierent ways of mouldi^^gu Mr. Mbars, as 
Ijds coipisel told us, stiil u;^es wood;' and I suppose 
the,old founders did, unless'they uspd charcoal, as I 
unde*fstanJ they do in Russia, which is probably far 
better, because wood contains so much moisture that 
it takes much longer to get the requisite heat up 
with it, and it is notoriously a bad thing to keep the 
metal long melted getting up the heat. M Woolwich 
they have given up using wood for that reason, and use 
coal or cdke in melting gun-mfital, which is bell-metal 
with much less tin i^jt. Messrs. Warner also use coal. 
In order to^|||t this as far as possible, I gave to them 
and Mr. the shme pattern for a bell of about 12 

cwt. for the^t^ o new churches -tat Doncaster ; and the 
result, in the opinion of everybody there, is very 
decidedly iv» fav6ur of the coal-cast bell; but whether 
from that cause or some other difference in the general 
management e»f tlfe carting, of course I caiiuqt say. 
Most-uf the,mctal of Mr. Mears^s Westminster bell was 
nine tizjtaes qjs long in tjic fprnace as Messrs. Warner's 
(whieh^ however suspect wa.. run too soon), and was 
alsodb^r timcschs long rUnnii^v; intq the mould, though 
tho^'e^werc 2 t6ns less of it. I have no doubt that that 
slow running contributed to its finsounduess. Lori 
Rossq^peci^l^ ^mentions the importance of quick rup- 
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ning of large speculums, w^ich agaiijT are bell-metal 
with a higher ^juantity of tiii. ^ , 

Mendiiig crocked belli. Wiicnever a. bell o& any' 
importaftcd cracks, there imvariably follows flood* of 
suggestions, ^ publlb and private, for mdhdiBg it: 
gcnerallji bj^' ciltting out.ihe cract'in* somciway or 
Vthcr. And as there exists in some persems awhat is 
called cSlour-blirfliicss by tlie world at large, so tliCTe are 
•persons to whdm a bell jfo divided—an^ othcips appa- 
•rently to whom n bell with six cracks in it, s^unde (at 
least •thyy say it docs) rib worse than wh*cn*1l was 
whole, though .Jp other people's ears the • tone is 
generally altered several notes, or is made otherwise 
intolerably bad. Another way of mending, which is 
continually being reinvented, is by what is called 
burning the parts together; i.e.p cutting the crack 
wide enough,to Jet hot metal be ppiirefl in and 
through, ifhich is done until constant applica¬ 
tion of it partiall}^ melts the fac^s of thijsdivision and 
- then the running is stopped amd left to co<jJ. "Tliis may 
perJiaps answer in verjf thin diells, though the cracking 
of one of Sir C. Barry's gun-m(^al*hands jdiicli were 
put together iif that way is not very eftcoiftraging even 
for much tliinncr castings; and the contraction and con# 
SQqueat tension of the metal, wchild iflost Hkch'^rack the 
bell again as sobn as it is rung. There is "no cfidence* 
that I can learn, of anj bell *^8 large a^ a ^(iwmon 
church bell having been*udcinsfully*Wi*'yited in tki*s way. 
yet. And if the bell has Bracked from aii^ radicaf defect, 
as both the Westminster belU have, of course it is at^rd 
fb^thiplj^ of ,mdndingi it, cvcn%if wci;« otherwise pos-* 
sible; for the same dlfect^would pnake it"crock f^in. 

* ^ X 
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ON CHUnqi BELLS !£N GEyEBAL. 


‘ . B{!LL l^ANGING. 

New bell crown. said»at page 353 thaf I should 
deScribCfa new kind of bell ViroWn fusing the Votd in its 

c f'i ^ 

proper^sens^, of what is put upon tEte liea^,*and not of 
the head itself as tbc bellTfounders do) wlikh has a 

t ft 

good de,al of the same advantage as the mushroom 

< ' 0 * . 


?ig. 64. 



crown and avoids fh'‘ expensiveness of the iron work 
which that imolvcs.. First supposi a lump of metal 
as broad as Jthc bcll-stoc'k is to be, or f bout } of the 
diameter of the bell, cast On the'top, with a round hole 
through %'■, for the flapper bolt, which fits square into 
the stock, As iu the mushroom. Froni'*thi8 lump there 
'project 4.J not 6, canons C, much thicker than usual, of 
a section Jike an with' a slice of the top cut ard 
tlhese hre ag lin joined to the top of tlife bell by strong 
lump? ot m^tfil 1). ThXf secTiion of the canons hjfi been 
drf,wn quite roipfd in tlqs figure by mistake: otherwise 
it is plan auj^ side view of the top of such a bell with 
portbns of the holts P Q, which are mere loops of round 
* iron with niits .ibovcr tho stock. J 3 y placing ^he samb 
bolts*'Ai tCo ^diflcren^ ways, cac't with one leg in the 
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stock, or two of them inside|aiici the other two outside 

of the stockj y^u may get 4^ffer^nt pl.irs of place# iar 
the clapper to Strike^ with the safue stock and wi^iOut' 
hny cutting of it, and the s^ck itself is far less cut isito 
and weakened than* by thfe usual canons •wliich are 
necessarily much taller. T];^e Boy^ter bells T^cre the 
f rst peal made in this w^. .* ^ . 

On the old plaif t^, the (flapper bolt is always dhit into 
•the bell, and must be cut ahd a new c^je stugk on in 
•some way, turn the bill at all, which is an awk|rard 
job, and jiostpones the turning of beils for yehr»«ftcr it 
ought to bc^done. And in connexion witIi, ^hat it is 
another advantage of this plan, tlAt it enables the 
clapper bolt to be adjusted both for length and position, 
which cannot be done when they arc cast in. The 
length of that bolt ought to be m^rc ot less according 
as the bell is^huii^ merre or less high in tli^ stock, in 
order to bring the point of susjjf^lsion of the clapper 
below the gudgeon# or pivots of*the bell, without which 
it will not swi^ig or strike^properfy; and ngftin, if the 
bolt is cast in a little t>u oi¥J side, the clapper will not 
strike true and the time between*the blo\A sjpill be un¬ 
equal, which makes it impossible to ring fhti bclfs truly. 
If some such plan as this had existed in old time^ 
Tvhcr|{1)y a])cil could easily be tmrneciin tiic stSck, many • 
a fine old bell ^fould now be alive which goj crack^l froftv 
bcin^constantfy struck iif one place;^an(l^so^?tQju too 
thill. These four shortSndttinck OMons arc mpfeqvci; 
much stronger anck lesAli^tJblc to cracky than the^hsual 
six thinner and longer ones^ * * * 

• Opinions.differ whether large bells should #hc what 

ealled ^ fucked up inflhe stock,' or the’^op^of 4 hc bell 

• *, • 
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made hig^ber than the' pivpts or gudgeons.’ The advan¬ 
tage of it evidently ii|that,it diminishes 4:be centrifugal 
forc|, or sideway strain of the bell on the frame; and 
if vfriction were out of the >ray 4t would of cviui'se mak($ 
the beJ^ cacier to raise and ♦ring. 3 l^w yeai;^ ago there 
was a ^air controversy oij^^the subject, m Tihicli ^Ir. 
Bakeri ]}rhuis mentioned at p. ^52, and some of his friend;s 
expended some elaborate nlathem^tits in proving this 
verjr s^^f-evi^nt propositio][^, which they supposed to 
hav^ bQcn denied. But fnfetion is not' out of the 
questnu; 'and as a«bell in swing is in effect a ppndulum, 
and not (^8 I have even heard bell-foundjers represent 
it) a body lifted by a steady pull like a lever, it may 
very easily happen that a certain amount of friction oa 
the pivots may make it impossible to make the bell 
pendulum swing through 360° by any practicable force 
that cun be applied to it at the beginning of its motion, 
which is the only ^^me when the rope acts upon it. 
Mr. Taylor said at the time I havei referred to, that a 
bell of about 52 cwt.'at Ue^eford which,, he and some 
other boys used to raise and set* {i.e. ring till it stands 
mouth upwards) was <made unraisable by them by being 
rehung ancle at the same time ‘tucked up;’ and so con- 
^dent was he of the mistake of this mode of hanging, 
that he ^IFero'l <^G.fill Mr. Mears’s great bell at. Yorjc 
.with Ihier ihqny number of men could tot it, and they 
neve^ pbald^^ as Browne'^ IBMory of York MhistCr also 
testifies, though Meayspcoii^radicted it in the Builder 
when Mr* Tay 7 or stated it. p. knpw another person 
wbi was present when 30 men tried in vain to do it. 

■ The grqat fo,T;eign bell^ are alV hung quite clear ox 
the stprk, understand; and nobody has ever deniad 
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that when ro hung the clapper strik^ much better; 
indeed when they are hung high the clapper al^^ 
'rises fal^/ or hangs on the low stode of th^bell instead ’ 
bf dying after it and striking the high side; snd this 
also tenda^ to make the b@ll more difficult raise,: 
There is jjaofeover a rcmarl^ble difference*in therfacility 
(jf tolling, according as fhc bell is hung lo^ cjr'short. 

I can toll the tW(i largest bells of Donpaster^fiurch 
together, wci"hihg 2 J tonsf one with cach^jand, Irhejpjfe 
it is difficult to make a high-hung bell toll at aU. ^ am 
surprised^ that very large bf 11s, say a^ve 2 tons •^To not 
hung on lon^ friction rollers— i.e» so much of •the cir¬ 
cumference of a friction wlicel a§ = the circumference 
of the gudgeon or pivot of the bell. I recommended 
it for the great Leeds bell, the only one of that weight 
in England that can be safely rung ^it alf, but the Town 
Council or thgir lychitbct knew better.^ I have no 
doubt if that had been done, one or*fwo men could have 
raised the bell, an!i it might ha^c been rung, say at 
9 o’clock cverj evening, liiLe«thc smallerJ)uf fine bell 
of St. ]Mary’s Cambridge, and other bells elsewhere. 
Of course brasses must be put to IftJCft the gij^eous in 
their place against the side swing. And the way, 
let me say a word here to warn those whom it may 
copcerji, that if the smaller bc<ls o/*a pfeal jumg out 
of their brasses •when they are new, it is .because the* 
gudgcdtis arc not sunk dcCp ^ough.. 1 ISav^ i»iown 
that happen several timts.**Qf collide the foundors 
ahvays denied that thsd; uVs tlie reason, b^t as I*c#red 
it myself at Doncaster by gj'tiing deeper brasses^fHc 
dAiial was not Tforth much. ^ - .• •. 

JBell tdwers, T( tlib great tower at ‘Westrainsttr^liad 

N * * 
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been the^bell clock torrer, as it ought to ha^ebcen, 
ixfe^tower itself wolil^ have had some use and meanings 
instead of being appai^ntly built for nothing bjit to carry 
th’at abominable flag-staff and the iron box r6o:^whichit 
: is stuck inl:93 and the bells**might\f&ve been, rung occa- 
sionallj’, the § clock'bells with 5 others forhiipg a com¬ 
plete such as there is not in the world. There i^s 
no rocTi for such a peal in tte present clock tower; and 
ff you Cried swing those <^ells at th6 height, of 200 
feet^in such a tower as that * grandfather of clock cases^ 
(as somebody calM itl, it wbuid probabh^ soon miike an 
end of both tower and bells together, though Sir C.Barry 
once told me he ftiought it might be done. The great 
foreign bells, such as Erfurt and Paris, which are nearly 
as heavy as this, are rung occassionally; and anybody 
who has tried the experiment, or ever attended to the 
sound o{^ bcjls, knows that tney .sound much better 
swinging. There^s very good foundation for the 
popular association o^ ringing with j'oyfulncss and tolling 
with dolefulpess. To be sure, some of, our legislators 
(including the Prime Mindster \lho talks of the 'gloomi¬ 
ness ' pfHha^ stvle ‘bf building which has the largest 
windows ifi the world) were astonishedf that a 13] ton 
bell striking the long hours should sound monotonous, 
and ratter doleful thJin cheerful. But the laws of 
natu^ will not alter even for the British House of 
Conrmousr ind ^arge l^lls With slow and long vibrations 
must he struck ^tiowly, aid a’repetition of heavy blows 
by r^achinery^is apt to be monotonous, and mouotonous- 
nese is seldom cheerful—except, I suppose, in what is 
called classical architecture; cJ which monotonous 
reptftiCiorr is as characteristic a?l variety is 6f Gothic. 
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Perhaps* the present Commitsioner of^*Hcr Majesty's 
Buildings, BcUs^ and Clocks* is n§t bnly to put d<?9^ 
everything Gothic, and to cure tracked bells, but to 
teach us liofr to makeJatge tlocks strike cheerfully.* * 

I know has bc^n said tfiat swijjgiifg oven ^ or 10 
tons of bells* to make theijtclappars stril?e theia is a 
very unscientific and barbarous proceediifg. *I re¬ 
member a gcntleftiaii taking some pains at the^^rchi- 
tccts' Institute fo show thlt bells soundest Justus T|Blf 
still as swinging^ and he perfectly succeeded yith|hi8 
experiments in convin^p^ tlip auflicncc t!ja?^thcy 
did* not. Aupthce reason for swinging the bolls in a 
peal is that it would be difficult takeep time otherwise; 
for the largo bells acting as pendulums swinging a 
large arc regulate the time of the w'liole in a way that 
nothing else could. In chiming or toAing the bells, 

* i.e. swinging them n verjr little way, only^ jasf enough 
to meet the* chipper, they act^ stij'^morc distinctly as 
pendulums, and the^small bells ar^^swung further than 
the large to make them keep*the same tijjne.* Some¬ 
times peals of bells are fung now by merely pulling the 
clappers, as at St. Albans, and Meftoi^^Chap^Oxford, 
and Chester Cathedral, and perhaps oth(?r plticcs where 


they h^ve destro}ed the belfries in order to <jicn the* 
to^erui story higher. No one*cau i»car*thar stjle of 
ringing without jjerceiving its miserable effect collared* 
with ci^n chiming, and miibli ^orc ^rkli f^finging. 


* t • *** • • 

* It is worth o1)&crvin!7, Dial alU hose coti]>laiii|^nLoiii the dolefij^l S(ji!nd 
of tlic clock stnkirg v ere infore «o ^quarter chimts iwre heard! ^nme 
peoi>lo, who did uot like the gicat bcU duiie, were rccohcilcd kjiif by 
th%(iuarters, aiul vror^ rmy ibiry when iRe Hoard of Woikt. t-lopt)e<l thom.a 
Prolahly .lisijj a Ifcttcr holl thyi ^ nowl^w Hlvat tef^o \\«'iifd s^nd less 
doMTal Uxan eitherjt or its predecessor, whichii^s uii'>ou»d 



424 ' ROLLING i5eLLS. ' 

^ f P 

« 

In soma other *|^laces thisfway of ringing even a single 
,beii has been adopteifl fronr pure lazine^se. 

A large ,bell may tbe tolled easily by oncrman, if it 
improperly hung, though not if it is ' tuckhd*’ap in tlie 
stock/ and so there is no excuse lof 'clappering/ which 
sometimes cl’acks bftlls besides. 1 should*' hang a very 
large‘'bell'for tolling only, on wedge shaped gudgeons, 
so ai move with very little friction*, and put a stop to 
prpveni it from being pulled too far. Where the tower 
is tpo weak or too small to allow the bells to swing, or 
whefb you cannotr get a bel^^l^igh enough fpr the rise 
of the iiopes (which requires i8 feet ^t le^st to be safe), 
the proper way is to put levers and not wheels to the 
stocks, hang the bells low in the stock so as to toll 
easily, put much heavier clappers than would be used 
for ringing in full swing, and let the bells be only 
chimed.* Few people know hdw good the effect of this' 
is, first because it^^^ seldom done at all, and secondly 
because there is hardly a bell in England which has a 
clapper Keayy enough fo* tolling; the only one I know 
is at the Doncaster CemetcryJ where I had the bell 
hung in^^lhis way, ^lud a clapper of exactly twice the 
bell-founder’s weight put in. It is full of the 
•u eight of the bell, which has been tolled for at least 
half an hour ^a day on'" the average for 5 ycars^ now; 
and this is another proof of the folly o^ pretending that 
a chack' hs«rnmer only,*-jJg- \jf the weight of th^ West¬ 
minster bell woTih! have fcracKed it if it had been ever 
sounds Whoaever the peal^at 'All Saints Church in 
Margaret Streat is completed, I should treat it in that 
‘way, except a^ few of the small bells;* which may ne 
hung,‘'to mng. These bells are gradually bding made 
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as a copy of the Doncaster peal, but aroa of the 
Doncaster tower^is nearly th^ee tiaaeS as great, and 
walls far stronger. I am sure therefore th^t a peal of 
5^ tons will not be rung often in that tower^ and if 
they are noj: cliimedPtSey wilf be cla|>pered afid Spoilt; 
which will bef an ignominio\j% end ^pr the i)est—•! may 
s^, the only good modc^’n peal in London*; fdr the 
larger bells of all* t\ie rest *are too thin, find qj^iy of 
them bad in otiicr wiiys 1 resi(^cs. I cani^ear that 
tenor is already ^lappercd; and from that ^d ^he 
smallness^ of the tower, it •sounds very infenoifTo its 
cldor brother at Doncaster. The clapper is •too light 
also, as usual. , 


The clappers in English bells are generally hung 
by an iron strap to a D-shaped loop at the end of the 
clapper-holt with a piece of Icathei; between. This is 
all very well wlyle t^e ledthcr lasts, but it^does*not last 
long, and pcbplc generally neglect j:if renew it, and then 
the iron strap worlA on the iron^bolt, often without 
even any oil, ai^ they both jrear out, and the* clapper 
becomes practically longer and strikes' the bell too ntar 
the lip and cracks it. "Where tlicrft isi^ro^m^r it, as 
there always may be in large bells, it is ilmclt better to 


fix the chi])per in a wooden block, cut m two to admit ■ 
bo^i tbc bolt and tlie clapper,* the •two‘balves being 
strapped and screwed together after it is pjit in.^* The* 
wood sEtould not be oak, or iff wi^^rust the irfla^eliift or 
ash will do very well. Alrthd bslts clapper should 
have holes in and wises th.ipugh*thcm, to ^eep.th^9uts 
from shaking off, whiidi may let the clapper fly out ifld 
vety likely brpal/the I^bII, 

L^ave ^oken incidAtally of the weigL^ o& clftppers 
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already.' Engl^h clappel's arc generally ver^ much 
'^liller than whatf is# given as the for^jign proportion, * 
viz./i^- of the weight'of the bell, and they ar^ generally 
tbo light even for our thin«'bells.^ From this 6au8e you 
can hardly heai? the large &ells of nfdny pealr distinctly; 
and tKe striding of 'clocks^is generally feeble^ from the 
smallnoss*’of the hammers. There is no doubt, to0, 
that Wls sound ill as well as w#at if their clappers 
ire to<f light ^ That sannj Poncaster cemetery bell was 
in fthe. 1851 Exhibition and remained at Messrs. 
Warhdr^s unsold for somS years afterwards, **till it 
occurred to. me that the clapper wa,s ton small, as'the 
bell was very thick for a modern one, being cast from 
an old pattern. * I advised them to try a clapper twice 
as heavy, and then I found the Ijcll was a very good 
one, and it sound? unusually well for its size, chiefly 
on account ,of its thickness '"and the heavy clapper. ’ 
The reason why top. light a clapper not only makes a 
bcU sound weaker than it ought, bflt worse, no doubt is 
that it does, not thoroughly rouse the whole mass into 
vibration. ' 

I knOr two chufehes where the bells arc hung in 
cast-iron Stocks, which can be made pcrliajis lighter 
than wooden ones; and they avoid the shrinking and 
swelling to w/liiclk* wooden stocks arc liable, espe^'ially if 
'they‘are hot pointed. The bells hung in that way 
cert'dnly-r'ng rsmarksbly Well, and require less atten¬ 
tion. ' But perhaps thoi*b* is some risk of the stocks 
cra^Ving, an/d'they would be^daiotfr expensive generally. 
Sdr 7 . am not ^'epared to give a decided opinion cither 
“"for or against <them on ♦‘he whole*. •' 

£eil-fraiP68 are rather beyhnd the scope of this 
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bookj aild I have spoken of them ii^'thc hook on 
Church-buiiding| The great pohit* is to make Ife 
frame strong enough not to changf its form, under Hhe 
swing of the* hells. At the stime time the elasticity <ff 
the wood is«useful iif taking tfie forcij of the ^switig off 
the tower^as Hie springs ta>M the shake off a carHage; 
a^d for that reason the timbers of the fr^me^'itself 
should never tou(?liSthe walls at any rate the 
upper beams.^ Vor some ^reason or otlUf^r th(> b^l-* 
founders' mei^ will never make the bed for thp sMer 
under the, bell as a circular arc, strhek with airing 
from the gudgpon the centre, unless they are made 
to do so. It must be obvious to Qverytiody who knows 
what a circle is, that the sliders must slide under the 
action of the stay of the bell (I need not explain these 
terms to anybody who is likely to attend to this) with 
"much less fiiction iiva circular arc than on a straight 
edge. 1 made this alteration 26 y^ars ago in the first 
peal of bells 1 evef rang, and 4 lately got it done, 
rather un^^illingly, at Doutastcr; but^b^ides those 
instances I never saw if anywhere. Gliders are gene¬ 
rally made much thicker than thej" need j 3 c,^»^ 15 oards 
should be put oto them to prevent tlfe gfCase from 
droppin| onto them, as wood runs ^better on wood 
witliout it. If it wants anytlting tiw diminish the 
friction, black Ici^ is the thing. A mixture &f oif and 
grease i 3 best for the gudget)ns^*|iiid a httlofbdlustone 
flour has a curious effecj ifi 3 aidin^Hhe operatijn %f 
the grease. 1 need baldlyttiat many A pftniMiSipfay 
be saved* by a few shillings i^ent at the proper tiilie 
in l^epip^ all^tb^ iron»^work of ^iell^ in ^der, properly 
screwed up, free from rfist, ^nd the^wood-wprlw pSuited 
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also: oi^ly oak^sliould not be painted for a year after it 
?i^ut up. • • ^ ' I • 

Eew pei;sons, andu fewer architects, appear to know 
bow nvucb the sound of»belh is muffled *axfd lost by 
boxing them up ip. small^ bell-cfiatubers, pitting them 
below* the windows^ mals^pg the windows themselves 
too s'jcQaU; and filling them^up with close louvres. 
hav^said a^ little about tiiis alsg^' hi the Lectures on • 
^C^mroft-huil^'nff, but it is equally appropriate here, an'd 
I pan ^now enforce it by examples.. Tne architect of 
the Lt;eds Town-hall built Vhe bell-floor so much below 

9 “ 

the silkrof the windows, and so muph ojf the sound of 
the great clock-bell ;was lost thereby, that they had to 
raise the floor several feet and rchang the bell; and thk , 
after the very same thing had happened at a church 
close by only a few years before. The louvres or rain- 
blinds of the windows are still twice a** close or numc-» 
rous there as thby^ need be, and of coUrse tend to 
obstruct the sounft. It is strflngc that architects 
cannot ren^ember that the^ bottom edga of one louvre- 
board need never be as low as the ‘top of the one below 
it, as v^in^do^ Ubt usually go horizontally, and no 
louvres will keep out snow, and it is 6f no consequence 


if a little rain mid snow do eome in, as the wood and 
iron-w&rk shou^i be always kept painted, and w/ct ^oes 
the ^^ells lip havn. It is a good plan to cover tlic bell- 
chamb^Mbffloorr with ,fiinc^ laid so as to send^ off any 
water into-a spoiit. «• fc' ‘ 

clock bell ofl Canterbury cathedral stands 
ohtthe top of'the great, tower. ,Tt is considered a good 
bell, and is oh the^tld^cale of *thickne8s, being pbove* 
twfcd'tlK weight of the ,Exclhmge clock bell of*«the 
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same nftte; but when J h6ard it it •obvio^jisly hjia*" 

a very insufficjiynt fammeut. If»i8 the practice^lITiy 

Suffolk^ and perhaps elsewhere, ^ have spiall cl«ck- 
bells of ^nty 2 or 3 cVt. »hung in an open frailfc 
outside tha top olf* tlie tovfer, an^ they hre* heard 
farther than fbany bells of t^n timas the ^eighl^inside 
a« bell-chamber and below ^the windows, esffecijdly as 
tht clock-hamme&*jiof large bells are spldonjJI/eavy 
enough.- Thj 3*0 cwt. clodk-b«ll of Donn^ster Wm^li^ 
which has qight* large windows down *to tjie ^ell- 
chambtr ^oor) and no louvres, is ^id to haVff'becn 
heafd 11 milc^ by^ight and 7 by day; of cotipse with 
the wind in its favour. For it,is a*remarkable fact, 
no means yet explained, that a wind hardly strong 
enough to move a leaf allows sound to be heard three 
or four times farther in the directioji of the wdnd than 
against it, although i,he ifelocity of sound is enormously 
greater than* of wind in the most ^jofent storm. 

The well known Aory of St. PaqJ’s clock being heard 
at Windsor, stuiking 13, b^i^ irfCntinel who was charged 
with being asleep, is oTten^regardecf*as mbulous, and 
majr well appear so now that oiie*can^s^donF heasit 
two miies off'. Bbt llcitl says in his book^n (flocks that 
he heard it there himself, and 1 have heard an officer» 
whp was quartered there say thfe sann^ i suspect the 
reason why it sotiuds so feeble now isbthat^theitlock* 
has beeh neglected or misnSan^cd, so«tha1fiii8teiid of 
lifting the hammer 10 in^, aSlitiuse^j^ft do, it does n^t 
rise perhaps 3 in., as 4 :liat by*no»means 
rence in church clock^. 

^yhetjicr arck louvrcs^or^notjithc windows* 

of4i bell-chamber shonid al^^ays bj^ complqjbcly (!8vi«ed 
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trith strong -wire nettiug to ,keep out birds^' at least 
there is woodt'^ork, ^.hough'they^seem to have no 
fan^y for the cold ir9n roof and beams at Westminster. 
As 1 }iave seldom had *ito 'praise the drchitccturld 
arrangements 'there, 1 afa gla^ be ablp to say at 
last that f 4)611676 etbat ^ the best bctl-cbamber in 
Englapd.^ The height of tlfc bells above the ground 
(20i^4^}et) is valuable, both*in sprQ^dmg the sound fbr, 
und p« 3 ventir*g it from^eimg too loud blose by;, and thfe 
plape could i'ardly be more open tbaii it is; you can 
not ^O'dge from dielow hoV large the openings are, 
but you ^ay sec the great bell from the §outh Western 
Kailway and fro^ spme places in St. James’s Park; 
for there arc no louvres; and the floor is at liy»t 
flagged so as to tlirow the rain ofl*, tiiough it was at 
first cleverly laid sp that the water stood in a pond. 
Wheneifer the clock is allowed aggin tp have a beU to • 

f 

strike tlie hours oft, people hearing it at long distances 
must remember that^ at h miles it V?ill sound nearly half 
a minute too slow, and«so,on in proper} ion, at the rate 
of 4J seconas to la mile< The* first blow of the hour, 
and no 4 ^ of the pua^ters, indicates the hour; the other 
quarters licglii* at their right times. 

The large bells of Europe are now all that I have 
to speak of.* have'already given at'pagc4P2 the 
partfeulars of the largest ringing peals in England, of 
whiph fcrter a^one h^ a' tenor above 3 tons. ' I must 
add that I neitsimr voucl foi^ the completeness nor the 
ac6p?»!^^.,4):{^the following }ist;%'the foreign bells are 
tabitn from C/t/eVi book ^hich I mentioned before, in 
some cases corfecte<l.byprivate informailq^i, wdiich I have 
got«frOfu«^riends of my own who 'viave measured someiof 
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tbe belfej or from arcbitedt$ amoad wbo b^ve 
kind enough tq .sen'd^figure^ seo^zn. and dimensiftl^ 
of them. , Some of tbe figures ^ given here caiaubt 
possibly the* accurate, blit I do not know ^bat tO 
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substitute for tbem^ 'l^or ii^tance,^ without* going to 
the forcigp bctls, it is impossible tb^t a bell^of size, 
i;pte, and thickness of Pcifer of Exeter (of wbibh have 
a full sized bcctioiJ)’^can wAgb anything like s^*^ons, 
which i§ its repnted weigU: f do not %jlicvc it is 5? 
Moreover it is evident that Ottc uses diffcy^t m^easures 
of length, and probably oT weight »also, ^or lirtl^ in 
difTorent counlrics. For be puts down the Effurt bell 
as only 8 ft. 3 in., and the Paris efce as 8 ft., and 


J^oiitreal 8 ft. 7 in.; whereas I know from tw'o inde¬ 
pendent sets of measures and sections which I have. 


that the Paris bell is exactly the sai^ie size as Montreal, 
•and Erfurt lialf^aii inch wider. ^ 

It is e^idnit too that either the w'dglit given for the' 
bell at Sens is too* great, or *the^size too little : from 
these spccimcry) 1 should j’ather *su})posc life latter. 
The measun s I have giwod mj^y be rdf^u'^on, 1 think, 
for the bells at Moscow, cJologne,* K^m^ 
besidcs^d'urt, P*iris, abd the English ones 


,»incfuding 


Montreal; but tberc is uothing more than reputation by « 
waj^ of Authority for any of thot wciglitp, cxcc]^ of the 
modern English *bells and old Tom oj Lii4(?ohi,^4hich* 
was brojeen up iti 1835 to bf r^*cast; ^^nd t^^ii/evj^ent 
exaggeration of the Excftr T|n§ is ss Warning agaSnjt 
accepting these tra^ikions^koo* irantrcitl v. ^..bjvy ^tlie 
diametci* of the St. Paul's bell figui»(?s#mill in nilfauy 
« bopk8,as 9 feet, tbstca^l of 6 ft. g ii^ ^ j ^ . • 

Jpgivc ttic weights oJ tile two great Russia’i hell»by 
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Circulation t^ir tiffee ^and thickness^ ^7hicll is 

";€ 5 ^y done^ from t^^ir similarity'to Westminster 

pat^m. J have see^ even a larger weight than 8 cwt. 
given fpr the clapper of the Paris bell; but ftie 8 c^f t. 
agreeiS pr6tty well yrith th6 drawing^ but if |;ho drawing 
1 havli of the Erfivrt clajjipcr is right iV cap not be so 
heavy,as ♦Otte gives it. Oui* clappers are of a bettjer 
shaj^ than the foreign ones^ t^bhgh generally too 

X have no' doubt that some of these bells are bad 
ones/^'&r they would have* a greater reputatioa than 
they hsv/i. The Erfurt bell is the^most famous qf all 
the very large cfhes, and probably that of Paris next, 
though there are two opinions about that; the Cologr^^, 
and Lucerne bells I have heard well spoken of. We 
have ample pVoof pit home, at York, St. PauFs, and 
Oxford/that large bells may be^ thought not worthi 
ringing after cosfln" a great sum of money, or may 
sound no distinct pbte*, or may^bc supposed to be 
cracked "because they are ^o bad. I api told that the 
bell of St. Vetfef at Eqme’’sounds as ill as it ought 
ta d*) ^om its ^tromcly bad shape; 1 have a model of 
it, and it'is loaded also with ornaments in lr^a%elicf, 

, which are sure to injure the sound; but the shape is 


such that it i^bf very little consequence v/nat t^|p 
decoitation' is. .The Westminster bells arc all rather 
shap) o£jke notes here indicated; acc6rding to^the pro¬ 
posed universal<’pitch, ^whiwh A has 870 vibrations in 
a fleo^d -, ^ d s 7 fhd Canterbi^y bell. 
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